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EDITORIALS 





Building Authority 


ANYONE who has built a house or even investigated 
~* the possibilities of building will have some apprecia- 
tion of the complexity of the process and the number of 
authorities that must be placated before work can com- 
mence. Even if the building operation itself runs smoothly 
and work is not held up by strikes or shortages of material, 
the procedure is none the less exhausting. 

Building a factory is proportionately more complex. 
Official bodies who have to be consulted will include the 
Board of Trade, Town and Country Planning and if 
explosive materials are involved the Home Office. Other 
organizations may need to grant permission for particularly 
specialized work unless the construction is to be under- 
taken for a ministry or a public utility. The local 
authorities will then have greatly reduced powers and will 
in effect be able to make only representations to the 
government. The House of Commons is the final resort 
of the general public but protestation through this channel 
is usually a tedious and unsatisfying process. 

If a reactor system capable of divergency is to be built 
the reactor design and its location must satisfy several 
other departments concerned with safety and public health 
from the point of view of operation and effluent, etc.. 
bringing in the conservancy boards, the Ministry of 
Agriculture, Fisheries and Food, the Ministry of Labour 
and National Service, the Ministry of Housing and Local 
Government, the Medical Research Council, the insurance 
companies and a design inspectorate committee not at 
present defined. But even before these details can be gone 
into, permission must be granted for the acquisition of the 
fuel based on the raison d’étre of the project. 

In the early days of developments the problem was sim- 
plified, in that the sum total of technical knowledge was 
held by members of the Ministry of Supply and all other 
bodies could only accept opinions expressed by the Atomic 
Energy Division and act on its recommendations. There 
was no second authority to go to for either advice or 
confirmation of data. Furthermore, security restrictions 
were such that only the barest minimum of information 
could be supplied to people outside the establishments 
and a policy of faith in the Division’s decisions had to be 
applied. Let it be said at once that this faith has been 
amply justified as Britain has placed herself firmly in the 
forefront of large power reactor developments without 
accidents or much public inconvenience. 

The situation is progressively changing. No longer is 
it true to say that all information is locked up inside 
Harwell, Risley and Aldermaston, as a considerable num- 
ber of industrial organizations employ staff who have been 
working in the field for many years and have departments 
which have been undertaking their own design studies, 
their own calculations and making their own developments. 


Before, however, any one of these groups, or in fact any 
organization outside the U.K.A.E.A., can build a reactor, 
agreement must be obtained from the Atomic Energy 
Authority that fissile material will be supplied and this 
body has full power to refuse. The possible exception to 
this is the Central Electricity Authority, which is a public 
utility and has equal bargaining power with the Govern- 
ment as the A.E.A. It is also incidentally not subject to 
the same restrictions in the choice of site. 

Permission to hire fuel in one form or another will 
depend on the availability of supplies and the agreement 
of the A.E.A. that the reactor project is in accordance 
with the over-all technical policy. It would be foolish to 
assume that there is a unanimity of opinion on the optimum 
direction that developments should take and although 
probably as great a divergency of opinion exists within 
the Authority’s establishments as outside, and hence some 
favourable support for any project may be expected, this 
only serves to point the rather arbitrary nature of the 
control. Industry may consider certain avenues of explora- 
tion desirable which the Authority itself is not prepared 
to contemplate. Should the Authority be, therefore, in a 
position to prevent such lines of development without 
reference to a third party? But could a third party be found 
that would have sufficient background knowledge and 
appreciation of the matters involved to arbitrate effectively? 
Certainly at the present time the answer is no. 

The Authority itself is of course composed of repre- 
sentatives of the three main A.E.A. groups, industry and 
the trade unions—and is automatically in a better position 
at the present time to assess the total opinion and informa- 
tion available and to relate it to main government policies. 
The representatives from industry do not however belong 
to any of the four consortia—it would be particularly diffi- 
cult if they did—and cannot, therefore, express accurately 
the views (which must to a large extent be confidential) of 
even the major companies. Furthermore, the bulk of the 
companies outside the big four who are working on 
reactor designs are doing so under contract to other 
ministries and therefore will naturally have governmental 
control, however loose. 

The stated policy of the Government is the development 
of base load reactors for electricity supply in this country, 
with the implication that these developments will absorb 
most of the effort for many years to come. They are 
already committed to the construction of a number of gas- 
cooled, graphite-moderated power stations which industry 
will be morally forced to build whether they approve the 
basic conceptions or not. This is not to imply that 
industry would necessarily not be in favour of this type 
of reactor, but it must be appreciated that it has little 
choice. 
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An alternative. of course, to the present system is to 
hand the whole programme over to industry and allow it 
to develop along the lines chosen by the individual com- 
panies. The U.K.A.E.A. would then operate as an 
advisory body only, with presumably very limited experi- 
mental facilities of its own. The financing of projects 
would nevertheless still fall mainly on the taxpayer through 
government backing and the appropriate ministry would 
require a well informed staff to advise it on the financially 
sound projects. More important, however, is the large 
wastage of effort that would almost certainly result—not 
to mention raw materials. The number of highly trained 
people in the United Kingdom is lamentably small and a 
rapid succession of short courses in reactor technology is 
no simple solution. Quite apart from the limitations of 
such a course which can only provide information as 
opposed to experience, a mass exodus from other industries 
to nuclear engineering would create a serious shortage that 
would have national repercussions. Apart from design 
personnel our specialized manufacturing capacity is 
strained to the limit and our inflationary economy demands 
that the minimum be diverted to directly unsaleable pro- 
ducts. No system therefore which does not ensure the 
use of the country’s resources to the utmost can be 
considered. 

The bulk of the questions relating to atomic energy are 
of national importance and can only be tackled on a 
national scale. They therefore fall directly on the shoulders 
of the government and the government-sponsored bodies. 
Until a large number of reactor systems have been 
developed and tried and power production is within a 
measurable distance of meeting demands a closely directed 
line of approach must be followed. This is not to say 
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however that a complete ban should be laid on independ- 
ent enterprise, with its different background of experience 
in both development techniques and markets. 

A middle path between the two extremes can be 
followed by the government deciding on the total amount 
of fuel that is required for government-sponsored projects 
for military and peaceful purposes and then allocating 
defined quantities for the chosen developments of industry. 
Full information should be made available without pre- 
judice and it would be as well for companies embarking 
on their own programmes to exchange information with 
the A.E.A. and each other on at least the main channels 
of development. 

The amount of fissile material available at the moment 
may be small indeed, particularly when bearing in mind 
our commitments to overseas countries, but if this figure 
could be stated, and some estimate given of expected 
future supplies, plans could be laid for long-term develop- 
ment projects and time could be saved on developments 
which, because of fuel restrictions, are unlikely to be 
brought to fruition within an economically foreseeable 
period. 

For an immediate easing of the situation an energetic 
campaign could be carried out to persuade the United 
States to sell a bulk quantity of her enriched fissile material 
to the United Kingdom without any political restrictions 
attached. The United States has implied that at present 
Britain is excluded from her grant to outside countries 
but this policy need not necessarily be maintained and if 
arrangements could be made (and dollars allocated) for 
these imports. industry could be relied upon to undertake 
only those developments in which it saw a clear and 
profitable market. 


Discipline in Experimentation 


THE accident to the Chalk River pile which resulted in 

the liberation of many curies of fission products and the 
consequent shut-down and rebuilding of the reactor, a 
process lasting many months and costing almost as much 
as the original construction, would perhaps have been 
worth while if the lessons in reactor safety so demonstrated 
had been learned. 

The Atomic Energy Commission of the United States 
has recently released information that on November 29 of 
last year a small experimental reactor at Arco, Idaho, “ran 
away.” Little damage was done and no casualties resulted. 
The cause was reported as being due to a workman press- 
ing the wrong button. It would be more true to say that 
the basic cause was the disconnection of the overheating 
interlock circuits which had been put out of commission 
for some short-term tests. It requires very few instances 
of this nature to bring the whole field of nuclear engineer- 
ing into disrepute and to create the feeling in the minds, 
not only of the general public but of the informed indus- 
trialist, that little trust can be placed in the ultimate safety 
of any reactor project. 

It is common practice of course for safety circuits and 
interlock mechanisms in industrial plant to be “frigged” to 
allow unusual experimentation or operation in normally 
dangerous locations. The argument put forward is that 
the interlocks have been designed so that the equipment 
can be operated by completely unskilled personnel, whereas 
with senior men in charge these are unnecessary. This is 
a philosophy that will unfortunately meet its chief support 
from the senior personnel who are saved time in redesign- 
ing or modifying the interlock networks to cater for 
particular experiments. 

Fundamentally it is pointless to build a plant with com- 
plex safety equipment duplicated and even triplicated to 


ensure that accidental runaway by mal-operation is impos- 
sible, if the very designers are to short circuit safety 
mechanisms when they feel inclined. However senior the 
officer in charge, mistakes can happen, disconnections can 
be forgotten and wrong buttons can be pressed. Probably 
the greatest danger lies in the risk of handing over the 
plant to a second officer without passing on full 
information concerning the modifications that have been 
made. 

Furthermore an enormous increase in cost of construc- 
tion and a corresponding wastage of fuel and experimental 
facilities will result if reactors must be designed on the 
assumption that all the safety controls are inoperative and 
have not “failed safe.” This increase in complexity would 
automatically rule out many industrial set-ups on economi- 
cal grounds alone. Clearly the precautions that must be 
taken in the initial design are more stringent than with 
conventional plant but some point must always be reached 
where faith has to be placed in some physical law or tech- 
nique. The one factor that can never be trusted is that of 
human infallibility. 

The major difficulty immediately become obvious; it is 
the old problem of who is to inspect the inspector and it 


is only by establishing now -an over-all and inviolable | 


policy of never operating a reactor without full and ade- 
quate overload equipment in operation that such accidents 
can be avoided, This is probably easier to establish for 
large power stations where the designers in general will 
have little to do with operation, than in experimental units; 
but an accident to even a small reactor will have reper- 
cussions not only in the establishment in which it occurs— 
irrespective of the harm or not to personnel—but through- 
out the whole industry and one such mishap can put the 
whole of development back by many years. 
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Comments on the News 


One of the first breakaways from 
ORGANIC the standard systems of graphite or 
water moderation has been announced 

MODERATORS 


by the United States Atomic Energy 
Commission. The reactor to be built 
will use diphenyl as the moderator and coolant. The reactor 
is of the heterogeneous type with enriched uranium as fuel. 
Stainless steel will be used in the construction and the coolant 
is expected to operate at a pressure of 300 lb. per sq. in. The 
tentative proposal for the outlet temperature of the coolant 
is 500° F with the prospect of increasing this to 700° F. 
Maximum fuel element temperature initially will be 500° F. 
Neutron flux in the reactor will be between 10" and 2.6 x 10" 
n/cm*-sec. Maximum heat generation is in the region of 
15 MW. At this stage in the proceedings no attempt will be 
made to convert the heat to electric power. 

The idea of using organic compounds is not new but this 
reactor will be the first taking the important step of moving 
from the theoretical to the practical. 

Organic materials clearly have many advantages in that 
the basic components are hydrogen and carbon which combine 
good moderating powers with a reasonable cross-section. 
Pure diphenyl has a density between 1.18 and 0.99 at 0° C,a 
melting point of about 70° C and a boiling point of 254° C 
at atmospheric pressure. The main difficulty in the past has 
been the risk of polymerization and the formation of decom- 
position products under irradiation. The U.S.A.E.C. has, 
however, confidence that these problems can be overcome 
and it must be inferred that the compound stabilizes under 
the working conditions without excessive formation of these 
deletericus substances. 


A significant feature of preparations 

ZIRCONIUM for future developments in power 

PRODUCTION producticn in the United Kingdom is 

FIGURES shown in the article on zirconium by 

Dr. Miller in the section dealing with 

production capacity in this country and the United States. 

At present the production figures are shown to be 8-10 tons 

per year, a figure quite incompatible with the probable demands 

that will be experienced in the course of the next five years. 

It is to be hoped that the U.K.A.E.A. will formally guarantee 

a market for this valuable metal in the near future so that 
adequate production preparations can start immediately. 


The visits of senior Russian officials to 
the Atomic Energy Research Establish- 
ment at Harwell has caused disquiet 
in the minds of many people. It is 
reasoned that whereas on the one 
hand the Government js continually urging the view that 
Communist countries must be viewed with distrust, they are 
prepared on the other to receive them cordially and to show 
them the inner workings of our most confidential laboratories. 
There is, however, much at Harwell that is of considerable 
interest to visitors of any naticnality that is completely declas- 
sified. Furthermore, it is impossible for even technical people 
in a visit lasting a few hours and covering many acres to 
acquire anything but the most superficial impression of the 
work that goes on. A more serious aspect of the visits is the 
time and effort that must be devoted to their organization, 
but it must be remembered that not only is Lord Citrine and 
his party making a return visit, but also the Government must 
make provision for the reception of foreign V.I.P.s and the 


COMMUNISTS 
AT HARWELL 


Atomic Energy Authority has to carry its load along with 
other bodies. 

Effort and confusion, however, could be reduced if visitors 
would adhere to time-tables and arrangements previously laid 
down and appreciate the complications that arise if they 
steadfastly ignore the pre-arranged programme. 


An important comment on the three 


ow papers submitted at the Institute of 
PRESSURE Metals’ Conference on April 11 was 
STEAM made by a representative of the 


Atomic Energy Co. of Sweden to the 
effect that Sweden’s chief interest lay in domestic heating and 
low pressure steam. Interest jis increasing abroad in the future 
of atomic energy for these purposes and for large-scale 
chemical plant work. Exclusive concentration on the 
generation of electric power from nuclear energy can lead 
to the neglect of these very important markets. 


In the budget presented to the nation 
on Wednesday, April 18, Mr. Mac- 
Millan took as one of his slogans 
“save to be great.” One of the savings 
that he has announced is a cutting of 
government expenditure of £100 million and the taking of the 
nationalized industries under the Treasury wing so that a 
tighter check can be kept on borrowing. An interesting 
commentary on the attitude of the nation to atomic energy 
developments was heard in the train to Didcot that evening 
to the effect that Berkshire was studded with examples of 
the Government’s wastage of money with the two establish- 
ments of Harwell and A.W.R.E. outstanding. This may not 
be a generally held view but serves to indicate the trend in 
public opinion. Over the past few years Britain has invested 
a considerable sum of money in atomic energy projects and 
they have been given a high degree of priority. Support 
has been received for this from all sides of the House, but in 
view of the continued uncertain state of the country’s economy 
a change in this attitude must be expected in the near future. 
It would be as well if defence plans were examined closely 
before any attempt was made to cut atomic energy develop- 
ments, but a squeeze is almost certainly coming and scientists, 
engineers, and perhaps — storekeepers and admini- 
strative staffs will be wise to watch expenditure very closely. 


THE 
BUDGET 


Agreement has been reached in 
Brussels by the delegates from France, 
Western Germany, Italy, Belgium, 
Holland and Luxembourg, on the pro- 
posals for combining both effort and 
markets in Europe for atomic energy exploitation. A com- 
promise has been reached on the controversial question of 
arms supervision by restricting the plan to cover peaceful 
applications only for the first five years. The report, which 
has been passed to the foreign ministers for possibly final 
consultations on May 29, does not limit its scope entirely to 
atomic energy matters, and the main theme is the establish- 
ment under a supranational body of a comprehensive well- 
equipped industrial organization. The proposed customs 
union, which at present will exclude Great Britain, will also 
serve as a serious threat to British trade in Europe. Britain 
must watch these developments closely and ensure that whilst 
her considerable investment in atomic energy matters is not 
given away, she is not left without any neighbouring markets 
and competing with a very large efficient system. 


EUROPEAN 
CO-OPERATION 





52 
Whilst not wishing to minimize the 
MISPLACED progress that has been made by the 
United States in the past 13 years a 
MODESTY 


warning must be given against the 
tendency to regard her as being auto- 
matically superior in all aspects of the field. Certain problems 
have received much greater attention there, such as those con- 
cerning light-water moderated reactors, and the bulk of her 
production facilities greatly exceed those of the United 
Kingdom in capacity. Also it is generally true that whereas 
British research can invariably compete on an equal footing 
with American, the conversion of ideas and principles into 
full-scale production is not only more quickly accomplished 
but frequently better in the U.S.A. 

We must not, however, be misled by the attention that is 
given to international advertising schemes or by the greater 
interest displayed in press releases and the like. The werk 
that is being done in the United Kingdom on the graphite- 
moderated, gas-cooled reactor not only places Britain in the 
forefront of developments but has created in the United 
States a feeling that America may be left behind if the 
anticipated improvements in the economics of this type of 
reactor are fulfilled. 

At the opposite end of the scale the use of isotope techniques 
in this country very rapidly caught up the initial American 
lead and, partly due to the more concentrated market in this 
island and partly to traditional British approach to engineer- 
ing problems, a range of instruments has been developed 
which are unequalled anywhere in the world. Whereas the 
tendency in the U.S.A. is to concentrate on continuous recali- 
bration techniques, effort has been devoted in Britain to pro- 
ducing instruments which are inherently stable and inherently 
accurate. The limited publication of the success of British 
companies in this field has been overridden to a large extent 
by the publicity efforts of their counterpart companies but 
concerns must appreciate that traditional British reticence 
has little place in the cut and thrust battle for competitive 
markets. 


Attention has been drawn in New 
Zealand by Professor Burbidge of 
Auckland University to the possibili- 
ties of abandoning the scheme for con- 
necting the North and South islands 
by a number of cables, so that power generated by hydro- 
electric means in the South Island can be transmitted to the 
North Island and instead building nuclear reactors. At 
present this proposal has no governmental backing but the 
figures quoted by Professor Burbidge would imply that the 
construction cf one or two nuclear power stations of the 
graphite-moderated gas-cooled type would compare favour- 
ably in cost with the cable scheme. Interest by manufacturers 
in this country in the proposal may assist the New Zealand 
Government in makng up its mind. 


POWER IN 
NEW ZEALAND 


Statements are continually being made 
to the effect that American scientists 
have irrefutably discovered a method 
of controlling the thermo-nuclear reac- 
tion. Professor Scherrer, head of the 
Swiss Atomic Energy Commission, has recently added his 
comments. He adds, however, according to La Suisse, that 
“another 10 years are necessary to perfect technical methods 
which will allow the production of nuclear energy without 
uranium.” It is difficult to assess the exact significance of 
these reports which are presumably the results, not of official 
release but of personal communications containing concrete 
implications. Certainly 10 years is the smallest figure that 
has yet been quoted with reference to perfecting technical 
methods and if confirmed indicates that a major advance has 
been made. Workers in the field have admitted the production 


THERMO-NUCLEAR 
REPORTS 
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of temperatures of tens of thousands of degrees but this is 
still a long way from the millions that are necessary. There 
are still no indications that any modifications have been made 
to the United Kingdom and United States fission programmes 
to suggest that fusion will become an economic and practical 
proposition in the foreseeable future. 


The end of this year’s B.I.F. in 
London marks the closing of another 
losing battle against the problems of 
staging a fair of any magnitude in 
this country, where no really suitable 
building exists and where hotel accommedation and general 
facilities are amongst the most difficult in the world. The 
Castle Bromwich side will continue to function and whilst 
the site is adequate both from the point of view of size and 
car-parking, etc., Castle Bromwich is nevertheless a long way 
from the centre of Birmingham and facilities for overseas 
buyers in the vicinity are negligible. If Britain is not to be 
forced to do all her main world exhibiting abroad, at places 
like Hanover and Milan, then some arrangements must be 
made in the near future for the construction of a proper 
well-organized exhibition centre. 


THE B.LF. 


The Scottish Council (Development 
in Industry) is urging that Scottish 
engineering concerns should investi- 
gate scope for activity in the field of 
nuclear engineering. Instrumentation 
is Suggested as one of the main aspects of the new develop- 
ments that can effectively be promoted in Scotland. A 
number of Scottish companies are of course already heavily 
engaged in the reactor programme. Tenders from Scottish 
firms for future developments at Dounreay should receive 
favourable consideration by the Atomic Energy Authority. 


DEVELOPMENT 
IN SCOTLAND 


Final details concerning the scholar- 


NUCLEAR ship in nuclear engineering to be 
ENGINEERING awarded by Temple Press Limited, 
SCHOLARSHIP publishers of Nuclear Engineering, are 


not yet available. They will, however, 
be published in good time for the next academic year. A 





board is being formed of senior members of the universities © 


and of industry to determine the qualifications necessary and 
to form a panel for the selection cf candidates. 


Further intensification in the™ 
REACTOR development of nuclear-powered air- | 
POWERED craft has been announced by the 
AIRCRAFT United States. Lockheed and Convair © 

Aircraft Companies have received | 


RY SUMO 


| 
3 
u 
i 


contracts from the United States Air Force totalling many | 


millions of dollars for the further development of nuclear- 


powered aircraft and also immediately afterwards the U.S.A.F. | 


announced that a nuclear station would be constructed at the 


Wright Air Development Centre, in Dayton, Ohio, costing | 


$74 million. This project will commence operation in June, 
completion being scheduled for January, 1958. Previously it 
had been reported that the Boeing Airplane Co. had been 
working on an airframe for a reactor-powered aircraft for 
more than four years. The Gas Turbine group of the General 


Electric Co. and Pratt and Witney Aircraft Corporation are | § 


concerned with the design of engines for the Lockheed and 
Convair aircraft. In a statement recently a Vice-President of 
the General Electric Co. declared that a reactor-powered air- 
craft could encircle the globe entirely in darkness by keeping 
pace with the sun around the world and could carry enough 
fuel to operate indefinitely. He failed to add why this should 
be considered desirable. 
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Close-up of the core of a model of the heavy-water- 
moderated reactor PLUTO. Coarse control arms can be 


seen passing through the fuel elements. 


The experimental 


hole entering the bottom of the reactor is 7 in. |.D. 





Brazed light-alloy high-performance heat exchanger exhibited by 
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Marston Excelsior Ltd., Fordhouses. 
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At the Spring meeting of the Institute of Metals papers from the 
U.K.A.E.A. on metallurgical problems were presented for the first 
time. During the evening of April 12 an exhibition was staged 
hy the A.E.A. and industry to demonstrate some of the develop- 
ments, We reproduce photographs of a few of the exhibits. 





Changes in light alloy fuel element design from 1947 (left) to 1951. 
Shown by I.C.l. Metals Division, Witton. 








(Left). Stages in the 
manufacture of Al-U 
alloy fuel elements. 
(Right). Complete 
assembly for use in 
DIDO and PLUTO 
and in the future 
MERLIN. 


ixamples of the mechanical 
properties of pure beryllium 
ieft), Cold bent; (below), 
Fine machined components. 
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The Economics of Nuclear Power 


Although calculations on the economics of nuclear power are subject to con- 
siderable uncertainties until experience has been gained of actual operation, 
it is probable that large graphite-moderated, gas-cooled reactors can be built 


by 


J. M. KAY, M.A., Ph.D., A.M.I.Mech.E, 


to generate power at a cost equivalent to that from conventional means, 


HIS article is concerned with the economics of nuclear 
reactors fuelled with natural uranium. A subsequent 
article will discuss some of the economic problems of reactors 
using enriched uranium. In each case it is necessary to start 
with a warning: it is quite impossible to predict the exact 
cost of electricity generated from any particular type of 
nuclear reactor until some operating experience has been 
accumulated with that same type of plant. At the present 
stage one js forced to make a number of guesses with regard 
to the cost of the plant, its reliability, and its useful life. At 
the same time one has to guess the probable level of irradia- 
tion that can be achieved with the fuel elements and the 
resulting fuel cost for the plant in question. The significance 
of any estimate of nuclear power costs at the present time, 
therefore, lies more in the establishment of a basis for cal- 
culation and comparison than in giving an accurate forecast. 
The best way of discussing the economics of nuclear power 
is by means of a worked example. In the following para- 
graphs we will consider the case of a graphite-moderated gas- 
cooled reactor power plant with a nominal electrical output 
of 120 MW using natural uranium as the fuel. 

The capital cost of a large modern conventional coal- or oil- 
fired power station is in the region of £60-£65 per kW 
installed. The cost of a nuclear station on the other hand 
will be substantially greater than this depending on the 
size and the type of plant. If we exclude the cost of the 
initial charge of fuel, the capital investment required for a 
nuclear station employing graphite-moderated gas-cooled 
reactors might be in the neighbourhood of £125 per kW 
installed. This figure would only apply, however, to stations 
having a fairly large output, say 120 MW or more from a 
single reactor. Units of smaller size would involve corre- 
spondingly greater capital cost per kW installed. In quot- 
ing a figure of £125 per kW it should be appreciated that 
the bracket of possible cost is in fact a fairly wide one. At 
the pessimistic end of the scale the cost might be £150 per kW 
installed. Ultimately for very large plants of improved design, 
however, the cost might be reduced to £100 or less. 

A conventional steam plant 
is usually assumed to have an 
effective working life of 25 or 
30 years for depreciation pur- 
poses. No one can say at 
the present time what the 
actual life of any particular 
nuclear plant will be, but a 
reasonable approach to the 
problem is to take a more 
cautious figure of 10 or 15 
years for the unconventional 
part of the plant, that is for 
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Fig. 1. Simplified 
flow-sheet for a 
natural uranium 

reactor. 
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parts of the plant which can be regarded as being of conven- 
tional construction, however, a normal working life of 25 
or 30 years may be assumed. At least half and possibly 
as much as two-thirds of the cost of a nuclear station can be 
attributed to conventional items in this sense. 

The cost of the initial charge of fuel can be assessed at the 
official figure of £20,000 per ton quoted by Jukes.' This 
figure includes the cost of fabrication and is restricted to 
fuel elements using natural uranium. 

A simplified flow-sheet for a natural uranium reactor instal- 
lation is shown in Fig. 1. The plant for the extraction of 
uranium from ore and for the fabrication of fuel elements 
will normally be operated by the Atomic Energy Authority 
and will be supplying fuel to a number of power-station 
reactors. Similarly the chemical separation plant for handling 
the irradiated fuel after discharge from the reactor will be 
located at one of the Atomic Energy Authority's factories. 

For our hypothetical 120 MW power reactor we will 
assume a fuel charge of 200 tons of natural uranium and a 
heat output from the reactor of approximately 500 MW. If 
we assume that the fuel is subjected to an average level of 
irradiation of 2,500 MW days per ton, and if the station 
operates at an average load factor of 80%, the annual 
throughput of fuel would be 58.4 tons. The annual fuel 
replacement cost would thus be £1,168,000. Corresponding 
figures may be calculated for other load factors. 

The annual throughput of fuel and consequently also the 
annual replacement cost obviously depends critically on the 
level of irradiation to which the fuel elements can safely be 
subjected. A reasonable bracket for this level would be from 
2,000 MWD per ton at the cautious end of the scale to 
3,000 MWD per ton at the optimistic end. For the purposes 
of our example we have taken the mean value of 2.500 MWD 
per ton, 

The total capital cost of our hypothetical 120 MW reactor 
plant will be £15 million corresponding to £125 per kW 
installed (excluding the initial charge of fuel). Dividing this 
into unconventional and conventional parts with amortization 
over 15 and 30 years, respectively, the annual capital charges 
may be set out as follows: 








£5 million at 4% and 15 years 500,000 
£10 million at 4% and 30 years ... 578,000 
£1,078,000 
To this must be added the interest on 
the £4 million capital investment of 
fuel amounting to ... 160,000 
Total annual capital charge, therefore £1,238,000 


The number of kWh. sent out in one year by a 120 MW 
station operating at 80% load factor would be 8.41 x 10°. We 
can thus arrive at a cost of generation in pence per kWh. 

capital charges = , 0.353 

fuel replacement wise a Sst, ae 0.333 

operating and other cests (including fuel handling) 0.100 





total in pence per kWh 0.786 


This as it stands would not be immediately competitive 
with a conventional cost or oil-fired station of similar size. 
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However credit must be allowed for the by-product plutonium. 

Taking our hypothetical reactor operating at 80% load 
factor with a heat rating of 500 MW, and assuming an 
over-all conversion factor of 0.65 for plutonium production, 
the annual output of by-product plutonium would be approxi- 
mately 100 kg. The value to be attributed to plutonium has 
been discussed in some detail in reference 1. In the early 
stages of a power programme the real value might be as 
high as £12,000 per kilogram. For our illustrative example, 
however, we will take £6,000 per kilogram. The annual credit 
on this account would therefore be £600,000 and the net fuel 
replacement cost would thus be reduced from £1,168,000 to 
£586,000. The cost of electricity generation in pence per 
kWh sent out may now be compiled as follows: 


capital charges ae eas Bey ire ai. OOo 
net fuel cost ... a yes xs asa .. O1162 
operating and other costs ... sie 2 ... 0.100 
total pence per kWh . ah i ws OL685 


giving the magic number of approximately 0.6 pence per 
kWh sent out, which would be competitive with a modern 
conventional coal-fired station in the United Kingdom. 

It is evident that, owing to the relatively high capital cost 
and relatively low fuel cost (when credit is allowed for by- 
preduct plutonium), the total cost of generation from a nuclear 
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Fig. 2. Estimated 
1-2 cost of nuclear 


power from large re- 
actors using natural 


uranium. 
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station will vary considerably with the annual load factor. 

A typical case is shown in Fig. 2 for the variation at cost 
per kWh with load factor. There will generally be a strong 
economic incentive to run a nuclear power station at the 
highest load factor. 

As the average load factor for an electricity system is 
seldom much more than 50% it will be necessary to provide 
other means of meeting the peak load and generally to con- 
fine nuclear power stations to base-load duties. For some 
years to come, the peak load will be supplied mainly from 
conventional thermal stations which will be displaced pro- 
gressively from base-load duties by the advent of nuclear 
power stations. It may be desirable, however, to supplement 
these with pumped storage hydro schemes wherever the geo- 
graphical features permit. These pumped storage hydro 
Stations would draw power from the nuclear base-load 
Stations at off-peak periods and would use the power for 
pumping water up from a low-level to a high-level reservoir. 
At periods of peak Joad demand the flow of water would be 
reversed and power would be generated at the hydro stations. 


References 


1 Jukes. ‘“‘The cost of power and the value of plutonium from early 
nuclear power stations.’’ International Conference on Peaceful Uses of Atomic 
Energy, Geneva, Paper P/390. 

*Pask and Duckworth. ‘“‘The place of nuclear energy in United 
—_ power developments.’ British Nuclear Energy Conference Proceedings. 
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Economie des Reacteurs d’Energie Nucleaire 


L’article comporte quelques calculs préliminaires con- 
cernant les frais d'une production d’éléctricité par un 
réacteur modéré au_ graphite a_ refroidissement au gaz 
alimenté de l'uranium naturel, Il est difficile de faire des 
estimations exactes a cause des incertitudes concernant la 
dépréciation et les frais de traitement du combustible, etc., 
mais en faisant la moyenne des chiffres généralement 
acceptés on obtient un prix comparable a celui des instal- 
lations conventionelles. L’exemple pris concerne un réacteur 
ayant une puissance de 120 MW fournissant 500 MW de 
chaleur et qui est opéré a une charge de 80°.. Le capital investi 
est supposé étre de 15 millions de livres sterling correspon- 
dant a 125 livres par kW installé, non compris le charge- 
ment initial de combustible. Les dépenses annuelles 
s'éléveraient a 1.238.000 livres. Le prix de production sera 
donc 0,786 pence per kW-heure transmise, ce qui est 
supérieur au prix ordinaire. Cependant si l'on tient compte 
suffisament de la production de plutonium qui est estimée étre 
de 100 kgm par an et évaluée a 6.000 livres par kgm (au 
début du programme sa valeur sera double de celle-ci) le 
prix est réduit approximativement a 0,6 pence par kW- 
heure qui est du méme ordre que celui obtenu par les 
systemes ordinaires dans le Royaune Uni. Si la charge est 
réduit de moins de 80°, le prix est naturellement augmente. 


Die Wirtschaftlichkeit von Kernkraftwerken 


Der Aufsatz bringt einige ‘iberschlaégliche Berechnungen 
der Kosten der Erzeugung yon Elektrizitét durch einen 
Graphit als Moderator benutzenden gasgekiihlten Reaktor, 
der mit reinem Uranium gespeist wird. Es ist schwierig 
einen genauen  Voranschlag zu machen wegen der 
Ungewissheit tiber Abschreibungen, Erzeugungskosten der 
Betriebsstoffe usw., jedoch kommt man, wenn man das 
Mittel aus den allgemein als giiltig angesehenen Zahlen 
nimmt, zu Summen, die den Kosten gewohnlicher Kraft- 
werke entsprechen. Das anigenommene Beispiel bezieht sich 
auf einen 120 MW Kernkrafterzeuger, der 500 MW Wdrme 
erzeugt und mit 80°, der Vollast betrieben wird. Die 
Investierung eines Kapitals von 15 Mililionen Pfund ist 
vorgesehen, was 125 Pfund pro kW entspricht, wobei jedoch 
die anfdnglich entstehenden Kosten fiir den Betriebsstoff 
nicht eingeschlossen sind. Die jadhrlichen Ausgaben werden 
1 238 000 Pfund erreichen. Die Erzeugungskosten sind 
daher 0,786 Pennies pro kWh, was den tiblichen Preis fiir 
die gelieferte Kilowattstunde allerdings iibersteigt. Es 
miissen jedoch die Kosten der Plutoniumherstellung beriick- 
sichtigt werden, die auf 100 kg im Jahre geschdtzt werden 
und mit 6000 Pfund pro kg (im Anfang der Durchfiihrung 
des Programms wird der Wert doppe It so hoch sein) bewertet 
werden miissen. Dadurch verringern sich dann die Kosten 
auf ungefdhr 0,6 Pennies pro Kilowattstunde, und das ist 
die Grossenordnung der Kosten fiir den Strom, wie er von 
den gewohnlichen Kraftwerken im Vereinigten K6nigreich 
geliefert wird. Wenn der Belastungsfaktor allerdings unter 
80°, sinkt, werden die Kosten natiirlich héher, 


Economia de los Reactores de Energia 


El articulo presenta algunos cdalculos preliminares sobre 
los costos de la generacién de electricidad a base de un 
reactor enfriado por gas y moderado por grafito, teniendo 
como combustible el uranio natural. Es dificil hacer un 
presupuesto muy exacto debido a la falta de certeza en 
relacién a la depreciacién, procesado de combustible, etc., 
pero, tomando el promedio de las cifras generalmente acep- 
tadas, se llega a un costo comparable con el de las centrales 
convencionales. El ejemplo tomado se relaciona con un 
reactor de 120 MW, generando 500 MW de calor, que se 
opera a un factor de carga del 80%. La inversion capital 
se considera como de £15 millones correspondiendo a £125 
por kW instalado, excluyendo la carga inicial de com- 
bustible. El desembolso anual ascenderdé a £1.238.000. El 
costo de generacién es, por lo tanto, en peniques por kWh 
distribuido, 0.786, lo que resulta mds que el precio con- 
vencional. Sin embargo, si se toma en consideracién la 
produccion de plutonio, que se calcula en 100 kilégramos 
por ano, valorizado a £6.000 por kilégramo (al principio 
del programa el valor ascenderaé hasta el doble de dicha 
cifra), el costo se reduce a 0.6 peniques por kWh aproxi- 
madamente, que resulta mds o menos igual al costo a base 
de los sistemas convencionales del Reino Unido. Si el 
factor de carga se reduce a un porcentaje inferior al 80%, 
naturalmente los costos aqumentan. 
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The Dounreay Sphere 


The containing sphere for the Dounreay reactor was designed to cater for conditions 
Relevant data existing in the world 
showed marked inconsistencies but already half the structure is complete. 


not previously encountered in engineering practice. 


To 135 ft. dia. sphere being constructed at Dounreay in 
the North of Scotland for the United Kingdom Atomic 
Energy Authority will, when completed, be one of the largest 
pressure vessels ever built. The structure will stand as a 
singular example of the work in the atomic energy field of 
the structural engineer who specializes in fabricated plate 
work. In the design of the Dounreay sphere many new 
problems were encountered, to many of which no exact 
solution has yet been found. 
The dimensicns of the sphere, its operating and design 
temperatures and pressures, were determined by the engineers 
of the U.K.A.E.A., Industrial Group, at Risley. On this 


basis preliminary plans were drawn up. This meant designing 
a vessel nearly 20 times greater jn volume than any similar 
structure in Great Britain—a vessel with a surface area of 
14 acres, weighing over 
length of welded 


steel plate amounting to nearly 
1,500 tons and having a total 
approaching 24 miles. 
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Fig. 1. Critical buckling values on base of sphere. 


75 
70 
6S 


60 


8 3 


IMPACT VALUE FT LB 
im) 
o 


1) 
w 


20 





10 20 30 40 50°60 70 80 
TESTING TEMPERATURE °C 


-80 -70-60 -50-40 -30-20-10 O 


Fig. 2. Temperature/impact curves for various steels. 


by 
j. MEE LEAN, BiSe., AcR. FC. 


Chief Designer, The Motherwell Bridge 
and Engineering Co. Ltd. 


A world-wide survey of the extent of present-day knowledge 
on this type of structure revealed that little was known of the 
problems involved and what information there was, was in 
many instances widely divergent. Fig. 1 illustrates graphically 
this point. Here is information taken from various sources 
showing the critical buckling stress on a base of shell plate 
thickness, of a sphere 135 ft. dia. subject to external pressure. 
The designer’s problem was to choose a value from this 
graph to suit his conditions frcm the point of view of safety and 
economy, bearing in mind the limitations in accuracy to which 
a large structure of this nature can be fabricated and erected. 

Time did not permit any research into the engineering prob- 
lems encountered. However, large-scale mcdel tests are now 
being planned with a view to filling in some of the gaps in our 
knowledge and providing a more certain design basis for the 
future. It is hoped that it will be possible to co-ordinate 


values from the model tests with actual values taken from the 
135-ft. sphere under operating conditions. 





Fig. 3. Plate edge 


Fig. 4. Pressing one of the 


sphere plates. 
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The choice of steel to be used 
to meet adequately the pre- 
scribed conditions was of prime 
importance and required very 
careful consideration. The 
vessel had to be designed 
generally in accordance with 
B.S. 1500, all seams had to be 
welded and in most instances 
inspected 100% by radiography. 
Welding for the most part had 
to take place in the open. 

The completed vessel will be 
expcesed to temperatures below 
freezing point (20° F of frost 
is net unusual in the north of 
Scotland) before being put into 
service, and thereafter it must 
be capable of withstanding a 
temperature several hundred 
degrees above boiling point. 
Large and heavy plates with 
thicknesses in the region of 2 in. 
are involved. Several unfortu- 
tunate failures of welded steel 
structures have been reported and therefore a steel of good 
notch tough properties at low temperatures was required; this 
steel had still to be adequate for operating at the service 
temperature and at the emergency temperature. Fig. 2 is a 
graph illustrating the impact properties at 1 in. thickness of 
seme cf the steels involved. Generally the pressure shell of 
the sphere comprises Coltuf 28 for the thicker plates and steel 
to Lloyd’s P.403 specification for the thinner plates. 

The method of supporting the sphere and the heavy con- 
crete biological shield on skirt rings results in stress, in some 
areas, approaching the yield. For these parts, it was decided 
to use Coltuf 32 steel. Where forgings are employed these 
are to British Standard Specification 1501-157 Grade C 1950. 
Table 1 summarises the properties of these various steels. 


Fig. 








TABLE | 
Impact Value 
. : Charpy Vee 
Steel bia ra U.T.S. hy 9 Notch 
. T/in.* sd s ft./Ib. at 
—10° C. 
Coltuf 32 21 Min. 32-38 33 Min. 35 Min. 
Coltuf 28 17 Min. 28-32 25 Min. 45 Min. 
P.403 Not specified 26-32 20 Min. Not specified 























In order to obtain impact properties of weld metal which 
would be at least as good as the parent plate a series of 
welding tests was inaugurated under Lloyd’s supervision, to 
determine the most suitable type of welding electrode and 
welding procedure. As a result of these tests it was decided 
to use low hydrogen type electrodes throughout. It was 
also decided to shop stress relieve the heavy shop-fabricated 
weldments. 

Shop fabrication on the sphere followed conventional lines 
although some the pieces handled were larger than normal. 
The limits on size of fabricated pieces were set not by the 
size of machines available but more by the size of pieces that 
could be transported, by road, from the works to Dounreay. 
The first stage of shop fabrication consisted of shaping and 
profiling the plate edges. This was done in one operation 
using automatic 3-tip oxy-acetylene burning units travelling 
on a Special template as illustrated in Fig. 3. 

The second operation consisted of cold pressing the plates 
in a 1,000-ton hydraulic press using blocks whose curvature 
had previously been calculated to ensure that the pressed plate 
was correctly shaped. Fig. 4 shows one of the sphere plates being 
pressed. Where plates required to have nozzles inserted in 
the shop these were accurately marked off, then the holes 
burned using a special burning jig. The final shop operation 
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Fabrication of the upper supporting skirt. 
consisted of metal spraying with zinc, except for the plate 
edges which had to be welded. Fig. 5 shows one of the 
supporting skirts prefabricated in the shop; these were later 
broken down into segments for transport to site. 





La Sphere de Dounreay 


La sphére de 135 pieds de diamétre qui contiendra le 
réacteur de Dounreay au Nord de Il’'Ecosse sera l'tin des 
plus grands récipients sous pression qui ait jamais été con- 
struit. Quand les plans furent commencés on possédait peu 
d'information sur les problémes soulevés et beaucoup de 
celle-ci était inconsistante. La sphére a une surface de téle 
d’acier de 6.000 m°*, pése plus de 1.500 tonnes et a une 
longeur totale de joints soudés de 4 km. La coque de 
pression a été faite de Coltuf 28 pour les téles plus épaisses 
et d’acier, suivant la spécification de Lloyds P403, pour les 
minces. Les téles de support sont construites de Coltuf 32 
et les piéces forgées suivant la_ spécification standarde 
britannique 1501-157 Grade C 1950, Les soudures qui ont 
été exécutées dans des conditions particuliérement difficiles 
ont été faites en utilisant des “Low Hydrogen” électrodes. 


; 


Die ‘‘Kugel’’ von Dounreay 


Die Kugel von tiber 40 m Durchmesser, die den Reaktor 
von Dounreay im Norden von Schottland umschliessen soll, 
wird eines der gréssten Hochdruckgefdsse sein, die jemals 
gebaut worden sind. Als die Konstruktion begonnen wurde, 
wusste man nur sehr wenig tiber Problem, die dabei auf- 
tauchten, und vieles war unbrauchbar. Die Stahlplatten auf 
der Kugel bedecken insgesamt eine Fladche von 6000 mi’, 
wiegen liber 1500 t, und die Summe der Schweissnahte 
kommt auf 4 km Ldnge. Der Hochdruckmantel ist aus 
“Coltuf 28”, soweit die dickeren Platten in Betracht 
kommen, aus Stahl nach Lloyds Norm P 430, soweit es sich 


um diinnere Platten handelt. Die Stiitawdnde sind aus 
“Coltuf 32”, Schmiedestiicke nach B.S. Norm 1501-157 
Grad C 1950. Schweissarbeiten, die unter ganz aus- 


nahmsweise harten Bedingungen vorgenommen wurden, 
sind mit Elektroden des “low hydrogen type” durchgefiihrt 
worden. 


La Esfera Dounreay 


La esfera de 135 pies de diametro que contiene el reactor en 
Dounreay en el Norte de Escocia sera uno de los mds grandes 
receptaculos de presién jamds construidos. Al comenzar su 
diseno poco era lo que se sabia sobre los problemas a 
vencer y gran parte de esos conocimientos eran, en verdad, 
inconsistentes. La esfera tiene un drea de superficie de 
plancha de acero de 6.000 m’°, pesa mas de 1.500 toneladas 
y tiene un largo total de costuras soldadas de 4 kilémetros. 
La envoltura de presién ha sido construida de Coltuf 28 
para las planchas mds gruesas y de acero segtin la especi- 
ficaci6n de Lloyds P403 para las planchas mds finas. Los 
faldones de soporte estan construido de Coltuf 32 y las 
partes de forja son segtin la B.S.S, 1501-157 Grado C1950. 
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Zirconium 


PART 1—Production 


Production methods are described in Part 1, commencing with a review of 


by 
G.L. MILLER, Ph.D., B.Sc., A.R.I.C., M.1. Chem. E. 


Director of Research, Murex Ltd., Rainham, Essex. 


the iodide process and its limitations, and followed by a description of the 
Kroll process and simplifications such as the elimination of the purification 


and densification steps. 


‘THE history of zirconium production can be summarized as 

follows: 1824, isolated by Berzelius; 1925, process for 
production of ductile metal discovered by van Arkel and 
de Boer; 1943, Foote Mineral Company sold 0.08 pound of 
zirconium preduced by van Arkel and de Boer’s process at 
630 dollars per pound; 1945, U.S. Bureau of Mines, Albany, 
Oregon, commenced zirconium project under Dr. Kroll; 1948, 
Foote Mineral sold 86.5 pounds of zirconium for between 
134 dollars and 235 dollars per pound, the Bureau cf Mines 
produced 2,150 pounds of metal by the Kroll process, the U.S. 
Atomic Energy Commission became interested and a plant 
with an estimated annual production of 15,000 pounds of 
metal was under construction at the Bureau; 1952, annual 
production at the Bureau now 270,000 pounds and Kroll metal 
was acceptable to the Atomic Energy Commission without 
further refinement by the van Arkel and de Boer process; 
1953, Carborundum Metals Inc. commenced production of 
hafnium-free zirconium at the rate of 75 short tons per year 
for the Atomic Energy Commission at a price of 15 dollars 
per pound of reactor grade (free from hafnium) sponge; 1955, 
the Atomic Energy Commission invited tenders for annual 
production of 350 short tons of metal for periods of 3 and 5 
years, Production in the U.K. by the Kroll process was 
commenced by Murex Limited in June, 1950, at an annual 
rated capacity of 5 tons; this has since been increased to a 
rated capacity of about 8-10 tons. 

The metal produced by the Foote Mineral Company was 
expensive and its application limited to the electronic industry, 
although it was realized that there were many applications for 
a metal with such excellent corrosion-resistant properties 
provided the production costs could be reduced. Operations 
at the Bureau of Mines proved that the Kroll process was 
much cheaper than Foote Mineral’s and that their process was 
suitable for large-scale production. Interest in zirconium 
intensified around 1948 when it was found that the value for 
the slow neutron absorption cross-section was much lower 
than that previously determined, particularly after removal of 
hafnium, which occurs in zirconium minerals and possesses 
a cross-section 600 times that of zirconium. Although only 
14 to 3% of hafnium was present in the final metal its 
presence increased the cross-section value from 0.18 to 
approximately 3.5 barns. In addition to its low cross-section, 
zirccnium is exceptionally resistant to corrosion and is rela- 
tively strong at moderately elevated temperatures. All these 
properties are necessary if a metal is to find a use as a 
structural material in nuclear power reactors. Fortunately 
there are ample supplies of zirconium in nature: it is more 
abundant than copper, nickel, or zinc, and the mineral zircon 
occurs in a form which is relatively easily recovered. The 
mineral is quite cheap but the processing to metal is rather 
complicated and expensive particularly as hafnium must be 
removed. The final metal is ductile and provided that pre- 
cautions are taken to avoid exposure to the atmosphere at 
elevated temperatures the ingots can be processed without 
difficulty. This faculty combined with ease of welding makes 
zirconium metal suitable for fabrication purposes. 

Unfortunately zirconium does not possess all the virtues: 
one of its disadvantages is the reactivity of the hot metal 
towards most gases. Even at relatively low temperatures 
the metal combines with oxygen and nitrogen. The temperature 


at which this reaction takes place depends on the activity of 
the surface but with normal metal, reaction begins at about 
400-500° C proceeding rapidly at 850-950° C although in 
the case of large ingots the effect is comparatively small and 
penetration does not proceed further than a few thousandths 
of an inch in the time normally required for treatment. The 
reactivity of zirconium with oxygen and nitrogen results in 
embrittlement of the metal and the failure to keep the metal 
out of contact with the atmosphere was the reason for the 
failure of early investigations to produce ductile metal. In 
any case, if ductile metal had been produced in the laboratory 
it would not have been possible to obtain the equipment 
necessary for large-scale production as developments in the 
production of high-vacuum pumps and vessels, etc., have 
taken place within a comparatively few years. 


Zirconium Production by Iodide Process 

The process (Fig. 1) devised in 1925 by van Arkel and de 
Boer of Philips’, Eindhoven, and used by the Foote Mineral 
Co. from 1940, after the invasion of Helland, is generall) 
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Fig. 1. lodide process of zirconium production. 

known as the “iodide” process and the product is termed 
“crystal bar” because of its crystalline appearance. This 
method of production, which has been supplanted by the Kroll 
precess, is essentially a refining operation, and whilst at one 
time it was thought necessary to use it to refine Kroll metal 
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this is no longer true. For the iodide process to compete 
with the Kroll process it would be necessary to have a very 
cheap method of producing the impure metal. The crude 
metal is heated in the presence of iodine vapour to about 
200° C to yield zirconium iodide vapour. This operation is 
performed in an evacuated vessel in which a filament is sus- 
pended, the impure metal being packed around the walls. An 
arrangement for the production of “iodide” metal is shown 
in Fig. 2. A current is passed through the filament raising 
it to a temperature of about 1,300° C which is Sufficient to 
dissociate the zirconium iodide; the zirconium being deposited 
on the filament and the iodide regenerated to combine with 
more impure metal. The process is continuous and on the 
face of it very attractive, particularly as it yields metal free 
from secondary products. In actual practice there are prob- 
lems of materials of construction, and difficulties of control, 
making it virtually impossible to scale-up. Above all there 
is the problem of a low price starting material to be solved. 
The largest filaments produced were at the Westinghouse 
plant which was constructed to purify Kroll metal; these 
filaments were up to 117 pounds in weight. 


Kroll Process 
The Kroll process (Fig. 3) for the production of zirconium 

is based upon the reduction of zirconium tetrachloride vapour 

by liquid magnesium in the presence of an inert gas such as 


ZIRCONIUM TETRACHLORIDE MAGNESIUM——> ZIRCONIUM MAGNESIUM CHLORIDE 
VAPOUR LIQUID SOLID LIQUID 


Fig. 3. Kroll process of zirconium production. 


argon or helium. The zirconium is produced in association 
with magnesium chloride and it is necessary to apply further 
treatment to recover the metal. 

The process devised by Kroll consisted of the following 
steps: carburization of the mineral zircon (zirconium silicate), 
chlorination of the carbo-nitride product. purification and 
densification of the chloride, reduction of the purified chloride 
with magnesium, separation of the magnesium chloride and 
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excess magnesium from the reduced zirconium and finally 
consolidation of the reduced metal by melting. 

The carburization of the zircon achieved two purposes; 
it remcved the bulk of the silica, and it produced a 
material which chlorinated readily at a low temperature, in 
fact, the chlorination was almost self sustaining. The chlorina- 
tion is performed in a silica-brick lined vertical furnace, and 
the product, which js collected in a nickel condenser, is a 
light fluffy zirconium chloride containing iron, combined water 
and other impurities. These impurities are removed and the 
chloride densified in the apparatus shown in Fig. 4. The 
vessel is first evacuated and filled with hydrogen and the 
zirconium chloride heated to about 200° C. At this tempera- 
ture and in the reducing atmosphere ferric chloride is reduced 
to non-volatile ferrous chloride, and at the same time silicon 
tetrachloride distills. After the pretreatment of the chloride 
the temperature of the bottom section containing the chloride 
is raised to 400° C and the zirconium chloride distills and 
condenses on the cooling coils as a dense block. The zir- 
conium oxide formed by the reaction of the impure chloride 
with absorbed moisture is left as a residue in the crucible 
instead of passing forward to the reduction stage and 
contaminating the reduced metal. 

The cover with the dense zirconium chloride attached to 
the coils is transferred to another vessel shown in Fig. 5 of 
similar design to the one used for purification and densifica- 
tion; this vessel being charged previously with a crucible con- 
taining sufficient magnesium to ensure the complete reduction 
of the zirconium chloride. After making the seal by freezing 
the molten lead-bismuth alloy contained in the annular trough 
the vessel is evacuated and back-filled with argon or helium. 
The next step is to re-melt the seal alloy so that the cover 
and the chlotide attached to the coils floats freely. The mag- 
nesium is then heated to a temperature above the melting 
point of magnesium chloride, to ensure that the magnesium 
chloride formed by reduction does not form an impervious 
layer on top of the magnesium thus preventing reaction. 
When the magnesium is hot enough the zircohium chloride 
is vaporized by heating the upper section of the vessel and 
the rate of vaporization controlled to marry with the reduc- 
tion. The use of a floating top facilitates this control to some 
extent whilst a further aid to control is the argon, the presence 
of which can be used to reduce the rate of reaction 


Fig. 4. (Left) 
Apparatus used in 
the Kroll process 
for removal of im- 
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presumably because its presence reduces the partial pressure of 
the chloride. When the reduction is complete and the pro- 
duct has time to cool, the crucible and its contents are removed 
and transferred to the salts removal furnace shown in Fig. 6. 
The crucible in the upended position is heated in vacuo to 
about 950° C when the magnesium chloride is removed, par- 
tially by melting and partially by distillation whilst the 
magnesium metal is distilled and condenses in the lower-cooled- 
section of the retort. The pressure in the retort is about 0.1 
micren of mercury and in order to reduce the stress on the retort 
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Fig. 6. After reduction, the crucible and contents are tvansferred to 
this salts separator. 


the furnace casing is made vacuum tight and pumped down to 
about 1 mm. When the magnesium chloride and magnesium 
are removed from the zirconium the metal is allowed to cool 
down to room temperature in argon before exposure to the 
atmosphere. From this point until the metal is consolidated 
to ingot it must be regarded as pyrophoric and precautions 
taken in handling. The metal, which at this stage is described 
aS sponge, is removed from the crucible and cut into pieces 
and fed to a crusher. It still contains a small amount of 
magnesium chloride and this, combined with a high surface- 
weight ratio, accounts for the readiness with which the sponge 
becomes contaminated with moisture. 


NUCLEAR ENGINEERING 


May, 1956 


The hot vacuum treatment for the removal of magnesium 
chloride and magnesium from the reduced zirconium was 
devised by Kroll because he found that the leaching method 
used in his allied titanium process was unsuitable, due to 
the greater reactivity of zirconium, not only from the stand- 
point of oxidation of the metal but also because there was a 
danger of an explosion occurring when pieces of zirconium 
sponge became moistened. The vacuum treatment used to 
remove the magnesium chloride and magnesium from zir- 
conium was applied to titanium, because not only did it 
produce a metal with lower oxygen content but it yielded a 
metal with a much lower hydrogen content. 

Another instance where a new technique was devised for 
zirconium and later adapted for titanium, is the method of 
melting. Titanium was being melted in graphite crucibles 
because no other crucible material could withstand the 
reducing action of the molten metal, similarly with zirconium 
all the crucible materials such as alumina, magnesia, beryllia, 
and even thoria, are reduced to a greater or lesser extent 
and whilst graphite could be used, as in the case of titanium, 
it was soon found that although the contamination could be 
as low as 0.08% carbon (the maximum was about 0.3%) this 
was sufficient grossly to impair the corrosion-resistant 
properties of the metal. 

It was necessary to find a new method of melting zirconium 
without contamination, and Kroll, at the Bureau of Mines, 
started the quest by adapting a method of arc melting used 
50 years ago by von Bolton to melt tantalum. This method 
of arc melting using a water-cooled copper crucible wa: 
developed (chiefly by the Bureau of Mines) in a few year 
into a satisfactory industrial precess. Meanwhile, arc melting 
was taken up by the titanium producers and whilst at firs! 
they used tungsten or graphite electrodes most of them have 
eventually come round to the method developed by the Bureau 
of Mines for zirconium; that is, melting consumable electrodes 
of sponge. 

Before proceeding to describe the consolidation of sponge. 
zirconium to ingot, it is necessary to point out that modifica- 
tions to the basic Kroll process described have been proposed. 
First, the process can be shortened by the elimination of the 
purification and densification step and the chloride reduceé 
in a retort similar to that shown in Fig. 7.'| In this arrange: 
ment the chloride is distilled carefully after pretreatment to 
remove some of the impurities. The rate of distillation can 
be controlled by the short coil above the crucible. It is 
possible by this modification to make considerable savings in 
the capital and operational costs but it is considered by some 
operators that the use of the two separate processes ensures 
a higher grade product. 

In the original Kroll plant very little instrumentation wa‘ 
employed beyond the regulation of the heat-input to the 
heated vessels, and the production of high-grade metal 
depended to a very large extent on the skill of the operators 
In the reduction section this was particularly important a 
failure to control the rate of reaction could result in the pro- 
duction of excessive amounts of a pyrophoric powder, result: 
ing from a vapour phase reaction between chloride vapou! 
and magnesium vapour. The magnesium vapour was formed 
if the reaction proceeded too rapidly and the magnesium 
became overheated. A further result of overheating was irot 
contamination caused by the alloying of some of the zit 
conium with the steel crucible containing the charge. Ont 
form of control suggested’? was an automatic device whict 
regulated the pressure within the reaction vessel betweet 
certain limits and so maintained a steady controlled rate 0 
reaction. With this arrangement it is possible to use a fixet 
cover and eliminate the time wasted by melting and coolint 
the lead seal. 

Another modification js the use of a steel liner in the rea¢ 
tion crucible. After reduction this liner, and the reductiot 
products, are removed from the crucible and transferred to 
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dry room where the liner is stripped and the bulk of the 
magnesium chloride removed mechanically. The metal is 
crushed and the magnesium and magnesium chloride removed 
in the conventional manner by hot vacuum treatment. It is 
claimed’ that this method shows a reduction in processing 
costs because the volume of material to be treated by the hot 
vacuum process is much reduced. 

It will be realized that in the space available it has not been 
possible to give more than an outline of the Kroll process 
and the finer details of operation and control have not been 
described, but for those wishing to study this process and 
others in more detail there are now available three books’-':° 
solely devoted to zirconium. However, it is of interest to refer 
to a few of the more important rules in the production of 
zirconium if it is to pass the specification (given later) 
prepared by the U.S. Atomic Energy Commission. 

First, carbon, nitrogen and oxygen are to be regarded as 
enemies Nos. 1, 2 and 3. Keeping carbon contamination low 
is not too difficult so long as consumable arc melting is 
employed for consolidation of the sponge, nitrogen and 
oxygen are more difficult and one or the other, or both, may 
get in at all stages of the process. The nitrogen specification 
is very low because it affects greatly the corrosion resistance 
of the metal particularly in high temperature water-tests in 
autoclaves. Keeping the nitrogen down to specification is a 
very difficult matter. Tightness of vessels, efficiency of pump- 
ing systems, and purity of the inert gas used are all important 
factors in controlling the nitrogen and oxygen content.* The 
iron content is dependent, amongst other factors, on the 
avoidance of overheating of the charge during reduction and 
it is only with skill born cf much experience that it is possible 
to carry out the reduction in steel crucibles without con- 
tamination. Some contamination does occur but fortunately 
it is possible to separate the small proportion of such con- 





* The presence of oxygen does not reduce the corrosion resistance of zir- 
conium. but it hardens the metal, although the quantity reauired to have an 
appreciable effect is in excess of that found in metal produced by experienced 
operators. 
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taminated metal. Exposure of the metal after the removal 
of the magnesium chloride is a delicate operation which, if not 
performed ccrrectly, can result in a fine bonfire. It is neces- 
sary to condition the metal before exposure or, in other words, 
to form a minute layer of oxide over the highly reactive 
surface of the sponge before exposure to the atmosphere. 
This is achieved by a gradual addition of air to the metal 
in the retort after it has cooled to room temperature, followed 
by evacuation and back-filling with pure argon or helium to 
minimise the risk of oxidation, while the metal js being 
removed. The presence of the inert gas also minimizes the 
danger of fire being started by the pyrophoric zirconium 
powder waich is always present to some extent assisted by the 
fine deposit of magnesium on the walls of the ccndenser in 
the lower part of the retort. 

The sponge is usually crushed in air although the presence 
of an inert gas during this operation has been advocated. 
However, if the crushing is performed correctly there is little 
tendency to fire and what metal does ignite seems to cool 
rapidly without the fire spreading. Although oxidation of the 
surface of the sponge during crushing would be expected, it 
dces not appear to be appreciable but it is difficult to measure 
the effect. 

The usefulness of storing the spenge out of contact with 
air to prevent absorption of moisture is another aspect which 
is difficult to assess although it does appear that keeping the 
magnesium chloride content at a minimum by prolonging the 
hot vacuum treatment reduces very ccnsiderably the danger 
of pick-up. Tests on sponge do not give consistent results but 
it is probable that absorption of moisture takes place very 
rapidly and the damage may be done before the metal can be 
crushed and sealed in an inert gas atmosphere. The state of 
the sponge and the magnesium chloride content are important 
factors in deciding the rate of absorption but it is generally 
reckcned that it is a good safeguard to store the sponge out 
of contact with the atmosphere. 


Other Methods of Production 

Several other methods have been proposed for the produc- 
tion of zirccnium and although some of the earlier claims 
were probably optimistic, there is little doubt that purer metal 
would have been obtained if better equipment had been avail- 
able. Most of the methcds employed come within the 
following four headings: 

1. Reduction of halides or double halides with sodium, 

potassium, magnesium, or aluminium; 

2. Reduction of the oxide by calcium, magnesium, alu- 

minium or carbon; 

3. Thermal dissociation methods; 

4. Electrolytic methods. 

The first malleable zirconium was produced in the form of 
pellets in 1914 by Lely and Hamburger, who reduced zirco- 
nium tetrachloride with sodium in an evacuated steel tube after 
taking the important step of resubliming the chloride shortly 
before the reduction; most of the other investigators did not 
take this precaution. Kroll in his process took great care to 
resublime the chloride and collect it in a dense form which 
did not combine so readily with moisture and as an additional 
precaution he did not mix his chloride with the reducing agent 
but preferred to distill the dense chloride in the presence of 
the magnesium. Knowing the embrittling effect of oxygen on 
zirconium, oxide does not seem to be a good starting point for 
metal production but recent work on titanium dioxide with 
calcium and magnesium as reducing agents, in the presence 
of an inert gas to suppress excessive vaporization of the 
reducing metals, yielded a metal which when melted in 
vacuum had a hardness of Rockwell B90. 

«- The thermal dissociation methods are based on early work 
on the production of boron and silicon when attempts were 
made to reduce the halides with the assistance of hydrogen in 
the high temperature of an electric arc. Zirconium tetra- 
chloride was dissociated without the aid of hydrogen by 
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contact with a hot tungsten filament and later with a zirco- 
nium filament. 

Electrolytic methods to produce zirconium metal have been 
investigated by many workers. Some examined aqueous and 
non-aqueous solutions without success, the only real progress 
has been made by using fused salt baths.° The most successful 
results were obtained with a fused bath of sodium chloride 
containing zirconium in the form of potassium zirconium 
fluoride and operating in an atmosphere of argon. The electro- 
lysis is performed at 1,000° C, a temperature which introduces 
considerable difficulties in the operation of a cell especially 
if atmospheric contact is to be avoided. The metal, as a coarse 
powder, is recovered from the electrolyte by leaching. A 
purity of 99.7% has been claimed, but although this claim is 
several years old, production on an industrial scale has not 
been reported. The U.S. Atomic Energy Commission’s latest 
request for tenders to supply large quantities of metal should 
show whether there is any future in electrolysis or not. It 
should be added that the production of zirconium metal by 
electrolysis is not difficult, the problem is to recover the metal 
in a pure form. The high melting point of the metal precludes 
formaticn of a molten product. The metal is obtained as a 
powder and because of its fineness and the necessary leaching 
operation to separate it from the electrolyte it is very difficult 
to achieve recovery without undue oxidation. 


Hafnium Removal 

The zirconium originally produced at the Bureau of 
Mines contained the 14 to 3% hafnium originally present in 
the mineral but it was a requirement of the Atomic Energy 
Commission that the metal should be produced substantially 
free from hafnium. Hafnium and zirconium have almost 
identical chemical properties and their separation by conven- 
tional methods is extremely difficult. The separation is possible 
by a number of methods including fractional crystallization 
and precipitation, fractional distillation and sublimation, ion 
migration, column chromatography, and liquid-liquid systems. 

The multi-stage processes such as fractional crystallization 
were laborious and expensive and it was only with the recent 
developments of continuously operated methods that costs 
became reasonable. It is probable that the liquid-liquid tech- 
nique is the most economical for the separation. The process 
described’ by the operators of the Bureau of Mines, Albany, 
Oregon, at the International Conference on the Peaceful 
Uses of Atomic Energy, Geneva, 1955, and which was used 
at the Bureau, depends upon the preferential extraction of 
hafnium in hydrochloric acid solution by methyl-isobutyl- 
ketone containing free thiocyanic acid. The zirconium chloride 
prepared by chlorinating the nitro-carbide product from zircon 
is dissolved in hydrochloric acid and ammonium thiocyanate 
added. This is passed through a column in counter flow to 
the methyl-isobutyl-ketone which extracts most of the hafnium 
and a small amount of zirconium and thiocyanic acid. The 
aqueous raffinate containing the zirconium is diluted and 
sulphuric acid added to precipitate zirconium sulphate at a pH 
of 1.4 to 1.8 and at 170-195° C. The product is filtered and the 
sulphate-oxide cake is pulped with ammonium hydroxide 
solution and finally calcined to oxide. The final step is to mix 
the hafnium-free zirconium oxide with carbon and a little 
bond material such as dextrine, and briquette. The briquettes 
are fed to a chlorinator and the chloride is collected in the 
condenser preparatory to reduction. This method was used at 
the Bureau of Mines to produce large quantities of metal with 
a hafnium content of about 0.02%. 
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Zirconium 

L’histoire de la production du zirconium est resumée 
avec un commentaire des chiffres de production actuelle et 
son coat aux Etats-Unis et en Grande Bretagne. Les besoins 
de l'industrie nucléaire ont provoqué T'intensification de la 
production de zirconium qui est actuellement presque 
entiérement obtenu par le procédé Kroll. Un court avercu 
du _ procedé “iodide” met en valeur le mécanisme et ses 
limitations. 

Le procédé Kroll comprend la carbonisation du—minerai 
zircon, et la chloruration du preduit carbo-nitrure, la purifi- 
cation et densification du chlorure, réduction du chlorure de 
magnésium purifié, séparation du chlorure de magnésium et 
du magnésium en excés venant du zirconium réduit, et con- 
solidation finale du métal réduit par fusion. Le zirconium 
est attaqué par l’oxygéne et l’azote a température élevée, et 
le procédé entraine des techniques de vide a hautes tem- 
pératures. 

On y décrit des simplifications du procédé fondamental 
Kroll, tel que l'éliminations des étapes de purification et de 
densification. Des régles importantes de la production du 
zirconium qui ont du_satisfaire les spécifications de la 
Commission de l’Energie Atomique des Etats-Unis y sont 
passées en revue. 

Zirkonium 

Die Entwicklung der Herstellung yon Zirkonium wird 
zusammenfassend behandelt mit Hinweisen auf die gegen- 
wartigen Produktionszahlen und—kosten in den Vereinigten 
Staaten und in Grossbritannien. Das Interesse, das die 
Kernkrafttechnik an Zirkonium hat, hat zur Intensivierung 
der Produktion von Zirkonium gefiihrt, das jetzt meistens 
mittels des Verfahrens nach Kroll extrahiert wird. Eine 
kurze Uebersicht tiber das lodid Verfahren gibt einiges iiber 
den Mechanismus des Verfahrens und seine Grenzen. 

Das Verfahren nach Kroll arbeitet mit der Karbonisierung 
des Minerals Zirkon, Chlorierung des Produktes, Kar- 
bonitrid, Reinigung und Verdichtung des Clorids, Reduktion 
des gereinigten Magnesiumchlorides, Trennung des Mag- 
nesiumchlorids und Magnesiumiiberschusses vom reduzierten 
Zirkonium und die abschliessende Konsolidierung des 
reduzierten Metalles durch Schmelzen. Zirkonium = wurd 
durch Sauerstoff und durch Stickstoff bei héherer Tem 
peratur angegriffen, und das Verfahren = macht dahe 
Gebaruch von der Hitze-Vacuumtechnik. 

Vereinfachungen des grundsdtzlichen Verfahrens nach 
Kroll werden beschrieben, wie z.B. die Eliminierung der 
Reinigung- und Verdichtungsstufe. Die fiir die Zirkonium 
herstellung wichtigen Regeln werden besprochen, die 
beachtet werden miissen, um den Vorschriften der Atomic 
Energy Commission der Vereinigten Staaten zu geniigen. 


Zirconio 

La historia de la produccién del zirconio queda resumidé 
en los comentarios sobre las cifras y costo de produccion 
en los Estados Unidos de Norte América y la Gran Bretana 
Las empresas de ingenieria nuclear han _ intensificado Ia 
producci6n del zirconio cuya mayor cantidad es extraidi 
actualmente por el procedimiento Kroll. Una breve revisti 
del procedimiento yodtrico nos indica el mecanismo y sus 
limitaciones, 

El procedimiento Kroll significa la carbonizacién de 
mineral zircén y la clorinacién del producto carbo-nitruro 
purificaci6n y densificacion del cloruro, reduccién del clorur 
de magnesio purificado, separacion del cloruro de magnesi 
y exceso de magnesio del zirconio reducido y la cow 
solidacion final del metal reducido por medio de la fur 
dicién. El Zirconio es atacado por el oxigeno y @é 
nitrégeno a elevadas temperaturas y el  procedimienté 
implica el uso de técnicas de vacio a altas temperaturas 

La simplificaci6n del procedimiento bdsico Kroll es tan 
bién descrita, tal como la eliminacién del proceso a 
purificacién y densificacién. Se pasa revista también a la 
importantes medidas en la produccién de zirconio que 
han tenido que pasar las especificaciones de la Comisién dé 
Energia Nuclear de los Estados Unidos. E 
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~— CP5—CHICAGO PILE 


TYPE: Thermal, heterogeneous. 

~ PURPOSE: Neutron physics research. 

vig LOCATION: Argonne National Laboratory, Chicago, U.S.A. 
fo aen OPERATION: Commenced operation February, 1954. 

ercu 

nee FUEL: 1.15 Kg. of U235 ( = 90%) alloyed with aluminium 

all Alloy: 10-20 wt.° U, remainder Al, aluminium clad. 
rife Plateform: 2.83 in. wide x 0.060 in. thick x 23% in. long. 
ip Assembly: in box units of 3.0 in. x 2.4 in. section, 10 plates per box. 
m et CLADDING Aluminium (2S). 

on Treatment: rolled on and forge-welded to 0.020 in. thick alloy plates. 
Pgh Wall thickness: 0.020 in. (making 0.060 in. as under fuel). 

tem MODERATOR: Heavy water. 

Total investment: 6.8 tons, including reflector and coolant hold-up. 

ental Volume of active core: 2 ft. dia. x 2 ft. high, approx. 
af y. Volume normally occupied by D2O: 6 ft. dia. x 6 ft. 6 in. high. 
nm au 
e la LATTICE: Units in 6 in. sq. array with centre row displaced 3 in. 

song Total number of units: 17. 

Criticality: achieved with 12 freshly charged. 

= F Inner reflector: 2—2.5 ft. DO all round core. 

wird REFLECTOR: Outer reflector: 2 ft. of graphite on sides and bottom only. 
cate Graphite wt.: 29.5 tons. 

gle 


s die LATTICE CONSTANTS: Thermal utilization factor—(f)=0.9. 





Hee: Resonance escape probability—(p)=1.0. 

ype Infinite multiplication factor—(k« )=1.85. 

She Effective multiplication factor—(kei)=1.125. 

isi (Slowing-down length)’°—(Ls)=128 cm.” 

wid (Diffusion length )°—(Lui)=87.5 cm." 

— Critical buckling—(B>)=3 x 10-* cm 

Kar- 

pri COOLANT: Heavy water. 

to Inlet temperature: 47° C. 

? pe Outlet temperature: 51° C. 

vent PUMPING: Equipment: Three 1,000 g.p.m. electric centrifugal pumps. 
lah i s Full power working: Two operating, one standby. 

rn Coolant flow : 1,000 g.p.m. 

nacli Primary (D2O) cooling circuit power: 10 h.p. 

eg de Secondary (H2O) cooling circuit power: 30 h.p. 
a POWER: Normal operating power | MW heat. 
7 FLUX: Minimum thermal neutron flux: 2.8 x 10'° n/cm°—sec. 

CONVERSION: No fertile material apart from — 10% residual U238 in ftel. 

umidi BURN-UP: About 20°, U235 converted to fission products before fuel change. 
ucciol Re-fuelled at about 8 months interval for 1 MW operation. 
retana Consumption: about 0.84 grams/day of U 235. 
ido la ‘ s 
-traida. CONTROL: Shut-off shim rods: Four, of signal-arm type. 

revist Material: Cadmium, aluminium clad. 

y stl Dimensions: 60 in. x 5} in. x 1 in. 

Control or regulating rod: One, outside core, vertical motion. DRAWN BY A STAF 
in del Material: Cadmium, aluminium clad. Based on a drawing prepar 
itruro Dimensions: 283 in. x 1} in. dia., 2 ft. travel. United States Atomic En 
lorur Dumping of reflector: 2} ft. fall to top of fuel-plates in 30 seconds. P/861 by W. H. 4 
ignesit Moderator temperature: May be cooled to provide extra reactivity 
1 colt to compensate for poison build-up during shut-down. 

; . 

* ine SHIELDING: Thermal shield: } in. aluminium plate containing boron carbide. 
onl Inner shield: 34 in. of lead. 

wei Outer shield: 4 ft. 8 in. of heavy concrete (iron ore+punchings). 

. pe Over-all size: 13 ft. 64 in. high. 

oso de. | 

n a la A limited supply of separate copies is available of this series of data sheets on various 

10. “ reactors built or projected throughout the world. Copies may be obtained from the 

sion ai 


publishers, Temple Press Limited, Bowling Green Lane, London, E.C.1, at the cost of 
packing and postage only (4d. each). 
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inn at the 1955 Geneva Conference. 


. Control room . Shim safety rods drive . Neutron and gamma shield . Overflow line 

. Concrete shield . Control rod . Radial thermal shield . Storage tank 

. Top shielding plug . Control-rod mechanism . Irradiation channels . Dump tank 

. Fuel element assemblies (dotted ) . Experimental hole . Flow meter 

. Plenum chamber . Graphite . Rotating plug 5. Main heat exchanger 
. Coolant circulating outlet . Thermal column . Coolant discharge 5. Pumps 

. Shim safety rods 3. Composite lead gate . Coolant inlet . Dump-tank vent line 
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Experience of Ionizing Radiations 


The sufferings of early workers engaged on radium processing and X-ray developments provide 


a grave warning on the dangers of ionizing radiations. At the same time the experiences of these 
pioneers have provided the necessary data for atomic energy projects to be undertaken with 


complete confidence. 


= the potential hazard of exposure te ionizing 
radiations is by no means negligible, the actual hazard 
has decreased enormously since the days when the pioneers in 
radiology worked with protective measures either entirely 
absent or, according to modern standards, entirely inadequate. 
The first recognizable injuries, in the form of severe skin 
reactions and loss of hair, began to appear within a year of 
Roentgen’s discovery of X-rays in 1895, and by 1897 deeper 
injuries were beginning to be apparent. 

Industrial radiology, to quote Schall (1952) “began haltingly 
at the end of the first world war and has only gathered 
momentum during the past 30 years.” The voltages used in 
industry are higher than those of medical radiology; X-rays 
usually lie within the range of 100-140 kV, but may be as 
high as two million volts, and for Betatrons up to 31 million 
volts. In addition, radioactive isotopes of varying half-lives, 
of which cobalt-60, iridium-192 and tantalum-182 are the 
most frequently used, have found wide industrial application 
of recent years and the strength of the source is constantly 
being increased. To these must be added the reactor radia- 
tions, but the problem in this field—that of adequate protec- 
tion from exposure—is exactly the same as that presented to 
the X-ray, radium, and isotope worker, and controllable on 
the same principles. 

Undoubtedly the increasing recognition of the hazards of 
such a widespread employment of sources of irradiation has 
led to fear, to some extent unjustified, of injurious effects on 
the health not only of individuals preparing and making use 
of them but also of the general population. There have been 
instances, for example, especially in America, where hospital 
personnel have resigned because of fear of health hazards; 
such uneasiness is a reflection of the anxiety in the general 
public and is possibly the result of the wide publicity in recent 
years on the subject of nuclear reactions. Nevertheless, 
although all these rapidly increasing sources of radiation make 
available a much higher output of a much greater intensity 
than could have been contemplated 100 years ago, the operator 
himself is actually in control of a much less dangerous instru- 
ment than the Roentgen ray tubes of 1906, or the “Universal 
and Deep Therapy Tubes” of 1913. 


Health Hazards 

As already stated, it was not until the early years of this 
century that the dangers of over-exposure to irradiation were 
clearly apprehended, and that the effects of such exposure 
were exerted not only, as in the case of Pierre Curie and 
Becquerel, on the skin but also upon a variety of organs and 
tissues. 

The basic injury inflicted upon living cells by ionizing 
radiations of whatever kind is that of ionization within the 
cell structure, with consequent chemical, physiological and 
finally destructive pathological changes. This applies not only 
to surface tissues like the skin, but also to deeper structures, 
including the blood-forming organs, the bones, the endocrine 
glands, and the cells of the organs of reproduction. 

These effects may result from: 

1. External exposure of the whole body or part of it to 

X-rays, gamma rays, beta rays and neutrons; 

2. Internal irradiation from inhaled or ingested radioactive 

materials. 


by 
ETHEL BROWNING, M.D. 
Medical Inspector of Factories 


Injuries from External Irradiation 

Injury to the blood-forming organs during the early years 
of “trial and error” has undoubtedly occurred, and many fatal 
cases of aplastic anemia, resulting from a depressive effect 
on the bone marrow, or of leukemia, believed by many 
authorities to be due to a hyperstimulative effect, have been 
reported. A peculiarly interesting report on this diversity of 
effect on two individuals working in exactly similar conditions 
of exposure, was reported by Weil and Lacassagne in 1925. 
One of these men died of aplastic anemia, the other of myelo- 
genous leukemia, within a few days of each other. Both had 
been employed in the preparation of radioactive substances 
of the thorium series for therapeutic purposes, with no pro- 
tective measures against contamination or against the inhala- 
tion of thoron. Exposure to small amounts of radiation over 
a long period can produce a gradual change in the blood 
picture, usually of a depressive nature, which can only be 
detected by blood examination and such examinations are of 
great value in promoting action towards preventing more 
serious effects, and in acquiring knowledge of the relation 
between cause and effect. They are not, however, of such 
value in cases where the exposure is so small as to be unlikely 
to affect the blood-forming organs—that is to say below the 
tolerance level specified by the International Commission on 
Radiological Protection. The most recent recommendations 
of this Commission (1955) postulate a permissible dose of X- 
or gamma radiation of the whole body of 0.3r per week and 
have introduced a new unit of absorbed dose for partial 
irradiation. This is the rad, corresponding to an energy 
absorption of 100 ergs per gramme of human tissue. 

The maintenance of this basic level of exposure which can 
be checked by the wearing of dental films or the use of other 
types of dosimeter indisputably provides the greatest measure 
of safety to all who are potentially exposed to irradiation by 
X- or gamma rays. With this dosage the risk of injury to the 
blood-forming organs and to the skin is, so far as our present 
knowledge goes, eliminated, but even so it is wise to continue 
to strive for the lowest practicable levels of irradiation. 


Injury to the Skin 

Acute burns from X-rays are usually the result of accidental 
exposure, and very often of carelessness on the part of the 
oper.tor. Short exposures of threshold values of 180 r to 200 r 
are usually followed by a latent period of several days, so 
that the operative may not know that he has received enough 
irradiation to cause a burn. This was well exemplified in the 
case of two girls working on a fluoroscopy machine (of 85-95 
kV) in 1940-41 for three months. The girls had been 
accustomed to pick up the articles being radiographed when 
they fell through holes in the circular plate, the lead glass 
screen having been removed for this purpose. Their fingers 
became red and swollen, blisters formed and the skin peeled. 
In the girl whose fingers were affected the more severely, 
ulceration followed with much pain and after 34 years two 
fingers had to be amputated. 

Long-continued irradiation with doses too small to produce 
acute burns may result in chronic changes in the skin, of 
which the earliest manifestations, in the case of the fingers, 
are an increased rate of growth of the cuticle, redness around 
the nail beds, and brittle and ridged nails. If no further 
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exposure occurs at this stage the changes disappear but, if it 
is continued, thinning and hardening of the skin and, in severe 
cases, numbness, hypersensitiveness and tingling of the 
fingertips, a moist eczema-like dermatitis, fissures and even 
ulceration may appear. 

The most serious sequel of X-ray injury to the skin is of 
course that of carcinoma. Even as recently as 1954 (Hammer, 
Hiller and Jakob) a case was described in which the original 
over-exposure had occurred 24 years previously. This man 
had worked from 1900 to 1906 in a laboratory testing X-ray 
tubes, and had practised the unusual and dangerous procedure 
of using his own left hand as a testing screen. From this time 
onwards he had no further exposure to ionizing radiations but 
in 1930 a carcinomatous lesion appeared on the external 





Experience de Radiation ionisante 

L’accumulation d’experience sur les accidents provoqués 
par les rayons X et par le radium a fourni des informations 
de valeur pour établir des réglements et les méthodes pre- 
ferées pour la manipulation de matériaux radioactifs. Avant 
que le programme d’énergie atomique fut établi une infor- 
mation suffisante avait été rassemblée pour établir 
immédiatement un systéme de détection qui, sil est observe, 
protégera tout travailleur dans le champ radioactif. Un 
excés de radiations attaque d’abord les organes formateur 
du sang et peut amener une anémie aplastiaue et une 
leucémie myéloide. Des radiations béta ou des rayons X 
tres moux en excédant provoque des brilures superficielles 
gui si elles sont plus intenses peuvent rendre nécéssaire une 
amputation, L’un des dangers majeurs est celui de la 
possibilité de développements d'un cancer. 

L’ingestion de matériaux radioactifs est un probléme con- 
sidérable mais lindustrie de la peinture luminescente nous 
a donné une expérience suffisante. La principale inconnue 
dans le hasard de la radiation est leffet génétique a long 
terme sur la population, 


Erfahrunged uber ionisierende Strahlungen 

Die angesammelten Erfahrungen iiber Schdden und Ver- 
letzungen durch Ro6ntgenstrahlen und Radium haben zu 
wertvollen Kenntnissen gefiihrt, die man benutzt, um Regeln 
und Vorschriften zusammenzusellen, wie radioaktive Mate- 
rialen gehandhabt werden sollen. Als das Programm zur 
Ausnutzung der Kernkraft in die Wege geleitet war, hatte 
man geniigende Kenntnisse gesammeit, um Systeme zum 
Entdecken von Strahlungen zu entwickeln, deren Anwen- 
dung jeden Arbeiter auf dem Gebiet schiitzen wiirde. Ueber- 
mdssige Strahlung greift zundchst die blutbildenden Organe 
an und kann zu aplastischer Andmie und zu myologischer 
Leukdmie fiihren. Uebergrosse Dosen der Betastrahlung 
oder sehr weiche Rontgenstrahlen kénnen Oberfléchenver- 
brennungen bewirken, die zwangsweise zu Amputationen 
fiihren kénnen, Eines der Hauptprobleme ist die Méglich- 
keit der Entwicklung von Karzinomen. 

Die Aufnahme von radioaktiven Material durch den 
Mund ist ein wichtiges Problem, obwohl bereits reichliche 
Erfahrungen aus der Industrie der Leuchtfarben vorliegen. 

Der grosse unbekannte Faktor in der Gefahrdung durch 
Strahlung ist der im Laufe der Zeit entstehende genetische 
Effekt auf die Bevélkerung. 


Experienca en la lonizacién de Radiaciones 

La experiencia acumulada sobre los datos causados por 
rayos X y por radio ha proporcionado valiosa informacién 
para establecer los reglamentos y sistemas preferidos para el 
manejo de materiales radioactivos. Para cuando tom6é 
impulso el programa de energia atémica ya _ se_ habia 
aculumado informacion suficiente para poder establecer 
inmediatamente sistemas de deteccién que, debidamente 
cumplidos, protegen a cuantos trabaian en este campo. El 
exceso de radiaciones afecta en primer lugar los é6rganos 
productores de sangre y puede dar lugar a anemia aplastica 
y leucemia mielégena. Dosis excesivas de radiacién beta 
o radiaciones X muy suaves pueden dar lugar a quemaduras 
superficiales que, si se intensifican, pueden exigir amputa- 
ciones. Uno de los mayores problemas es la posibilidad 
de que se desarrolle la carcinoma. 

La ingestién de materias radioactivas es un problema de 
importancia pero ya se ha logrado amplia experiencia por 
medio de la industria de pinturas luminosas. 

El principal factor desconocido en los riesgos de 
radiaciones es el efecto genético a largo plazo sobre la 
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border of his left hand and during that year multiple 
carcinomata of the skin developed. 


Injuries to the Eyes 

In the early days of X-ray research and therapy, cataract 
was fairly frequent both in the operator and the patient, but 
with improvement in technique and adequate shielding of 
the eyes such cases are now rare, and there should be no 
danger of this occurrence in X-ray operatives with ordinary 
measures of care and protection. Nevertheless, in 1952 seven 
cases of cataract following exposure to X- or gamma rays and 
two in cyclotron workers were reported by Cogan, Donaldson 
and Reese. Such cataracts have usually been reported follow- 
ing intensive treatment by X-rays over a short period of 
growths in the neighbourhcod of the eye, the dosages ranging 
from 3,200 r to 3,800 r in 16 to 27 days and there is a latent 
period of development up to 2 years (Leinfelder and Kerr, 
1936). Cataracts have also been observed in the survivors of 
Hiroshima and it is suggested by Kimura and Ikui (1951) that 
neutrons may have played a part in their causation. Experi- 
mental cataracts have been produced in animals by controlled 
neutron irradiation (Evans, 1948, and also Leinfelder, Evans 
and Riley, 1955). 

Some cases of accidental exposure to neutrons in research 
werkers in nuclear development (Abelson and Kruger, 1949) 
warned scientists of this danger and of the necessity for 
cyclotron werkers particularly to use special protective 
measures. Fast neutrons are from 4 to 10 times more 
injurious to the growing cells of the sensitive lens of the eye 
than X- or gamma rays and slight opacities might follow a 
dosage just above the threshold level. 


Injuries of the Reproductive Organs 

Cases of injury to the testes in men and to the ovaries in 
women, causing lowered fertility (but not, in men, impotence) 
were reported as early as 1904 (Phillip, 1904, Brown and 
Osgood, 1905) and were a prominent feature in survivors of 
the Hiroshima and Nagasaki bombings. They have practically 
always been the result of very heavy accidental exposure, as 
in a case reported in 1952 by Oakes and Lushbaugh, where the 
dosage of nuclear radiations received was estimated to be 
equivalent to 390 r of 80-kV X-rays and 26.4 r of gamma rays 
to the total body. Acute radiation sickness developed after 
several hours and a high temperature on the fifth day, with 
other manifestations including loss of hair, blood changes, 
and desquamation of the skin. Evidence of testicular injury 
was available, in the form of a low sperm count one month 
after the accident, but four years later, regeneration had taken 
place and his wife bore a healthy child. On the basis of this 
case, one of severe accidental exposure such as would be 
expected to happen only in exceptional circumstances, it 
would appear that the fears of permanent damage to the 
reproductive organs by irradiation have been somewhat exag- 
gerated and that although recovery from such an unfortunate 
accident may be slow, it is in fact almost certain to take 
place. 


Internal Irradiation 

Wherever radium or radioactive isotopes are used it is 
most essentia: that strict precautions should be taken to 
prevent even the smallest quantities entering the body either 
by inhalation of radicactive dust or of radon or by ingestion 
following contamination of the hands. 

The luminizing industry in America during the first World 
War emphasized the real hazard of the “body burden” of 
radium which, once fixed in the bones, provides a constant 
source of irradiation of the bone marrow and of the bone 
tissues themselves. 

Between 1918 and 1930 about 29 luminizers died, either 
from aplastic anemia or progressive destruction of the bones, 
especially of the jaw (Martland, 1929). Many cf these deaths 


occurred several years after cessation of exposure, and it was — 
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possible in some cases to estimate the amount of radium 
actually present in the tissues. From this experience, it has 
been postulated that the maximum permissible body burden 
of radium is 0.1 microcurie, and that of plutonium has more 
recently been estimated at 0.04 microcurie (Dougherty er al. 
1955). In this country the lesson taught by these tragic events 
has not been ignored. The strictest precautions were instituted 
at the beginning of the last war in all luminizing establish- 
ments to ensure that constant supervision of all luminizers was 
exercised. A large majority of those who ceased work soon 
after the end of the war have been re-examined. So far no 
deaths have been found to be the direct result of inhalation or 
ingestion of radium, and of those whose body burden has 
been estimated only two have shown a level slightly above the 
maximum permissible amount, 

Finally there is the problem of the genetic hazard. Some 
authorities believe that there is a real danger of an over-all 
population dosage which might lead to injurious effects in 
future generations. 

Estimation of the actual mean dosage received cannot of 
course be strictly accurate. For the non-industrial population 
it is calculated on the basis of general population statistics 
and on hospital records of patients who have undergone X-ray 
examinations with measured dosages. 

The injury to be feared is that of an increase due to irradia- 
tion in the mutation rate of the living germ cells, as such a 
rise has been found experimentally to affect adversely the 
ability of the individual to survive and to reproduce healthy 
offspring. 

The total increase over the natural cosmic and body radia- 
tion at present estimated from all sources, including the 
occupational dosage, is not high enough to cause alarm in 
itself, but it must be remembered that the quantitative aspects 
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of cell mutation im’man cannot yet be fully estimated and 
although a recent survey of the possible effects on the first 
generation, with a view to comparing the effects on the 
children of radiologists and other persons exposed to ionizing 
radiations with those of a group of non-exposed persons, 
particularly with regard to congenital abnormalities, has not 
shown results of alarming significance (Macht and Lawrence, 
1955), it is highly desirable for the sake of future generations 
that exposure cf the germ cells to radiation should by strict 
control be kept to a minimum. 
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Radiometric Surveys 


Aerial prospecting of deposits of radioactive ores has speeded up geological investigations. 


The informa- 


tion provided by the airborne equipment allows a contour map to be plotted of the received radiations, 
the resulting isorads giving a clear picture of the general radiation anomalies in the area surveyed. 


AERIAL prospecting of deposits of radioactive ores has 
speeded up geological investigations to a marked extent. 
The aerial survey is uSed as an initial step in examining a new 
country to provide the basis for a detailed examination either 
by foot or road vehicle. The equipment used consists of a 
scintillation counter feeding a recorder mounted inside a 
small aircraft. The unit is flown up and down a selected area 
of the country in a series of parallel lines and at a constant 
height above the ground level. A camera records the pro- 
gress of the aircraft, and subsequent analysis of the recorder 
chart and developed film allows a contour map to be plotted 
of the received radiation. The resulting isorads give a clear 
picture of the general radiation anomalies in the area. 
Apart from the speed at which this operation can be per- 
formed the aerial survey technique results in a measurement 
that is truly “areal” as the radiation received by the detector 
at any one time is the integrated quantity from a considerable 
area. As a rough guide the lane width of the detector can 
be taken as twice the aircraft height above the ground. 
Detailed ground work is always difficult to translate into terms 
of general contour. 
The detector normally employed is a scintillation counter 


incorporating a _ thallium-activated, sodium-iodide crystal. 
Pulses from the photomultiplier are fed through a conven- 
tional type of amplifier and discriminator circuit to a rate- 
meter and recorder. Speciai equipment has been developed 
to meet the requirements of light weight and imperviousness 
to height and humidity conditions. Typical instruments and 
recorder weigh about 70 lb. and require approximately 60 W 
of power derived from the aircraft’s 24-V supply through a 
small invertor weighing about 17 lb. In general, the sensitivity 
of the instrument to horizontal radiation is some 60% of that 
o the vertical but this proportion can be decreased by 
apprcepriate collimation of the crystal. This is of particular 
importance when operating in steep-sided valleys where 
horizontal radiations would give false readings. 

The intensity of the received radiation falls off with altitude 
according to a law which is rather complex. It is difficult 
at the present time to make ccrrections for errors in height 
and as far as is possible the pilot is required to keep at a 
constant height above the ground. A recording altimeter is 
sometimes installed to assist in the interpretation of the final 
results. 

The first stage of an airborne survey consists of the vertical 
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photography of the entire area under examination; from the 
photographic coverage, mosaics or photographic maps are 
built up. The changing patterns and tones can be associated 
with significant rock structures by the geologist. Mosaics 
are essential to the navigator of a geophysical aircraft as he 
must adhere closely to planned outlines at low altitudes. 
Before commencing a series of runs the cosmic radiation 
at 2,000 ft. is measured at a fixed point above the ground. 
The radiometric apparatus is flown in a series of parallel lines 
as widely spread as is compatible with the probable detection 
of all major anomaly zones. This preliminary reconnaissance 
will lead to closer coverage of the more promising areas. 
It is usual to fly the aircraft at altitudes of 100-150 metres 
and initially a spacing of 1,800 ft. is allowed between succes- 
sive traverses. In detailed flights this is reduced to 600 ft. 


Plotting Results 

From the recorder chart results are transferred to a ground 
plan in terms of lines of equal radiation intensity. Interpreta- 
tion of anomalies is an occupation requiring a great deal of 
experience and is always confirmed by ground work. 

It is most important that the radiometric surveys be carried 
out under standard conditions of atmospheric and _ soil 
humidity. Even a light rain can increase the absorption of 
the ground to the transmitted radiations to a very marked 
degree, and profiles obtained on successive days after a 
moderate rainfall will show a steady increase in activity. 

Aerial prospecting techniques have proved of particular 
value in Brazil, a country rich in radioactive minerals, and a 
considerable number of exploitable discoveries have been 
made by a geophysical company which is associated with 
Hunting Aero Surveys. The apparatus is also being used 
successfully in Canada, the Philippines, Portugal and 
elsewhere. 


Vinten 35 mm. positioning cameras in an aircraft, with the operator’s 
seat set behind. 


Burndept  scintilla- 
tion counter probe 
mounted in the 
floor of a Prince 
aircraft. 








Exploration Radiometrique 

Les prospections aériennes des gisements de minerais 
radioactifs ont accéléré notablement les recherches géologi- 
ques. L’exploration aérienne est utilisée en premier lieu 
dans l'étude d'une nouvelle région pour fournir la base d’une 
étude de detail a pied ou en voiture. L’équipement utilisé 
consiste en un compteur de scintillations alimentant un 
enregistreur monté a linterieur d'un petit avion. On survole 
avec l'ensemble une portion choisie de la région dans une 
série de lignes paralléles et & une hauteur constante du sol. 
Un appareil photographique enregistre la progression de 
l'avion, Plus tard on analyse la bande de l'enregistreur et 
le film developpé ce qui permet de relever les courbes de 
niveau des radiations recues. Les isorads qui en résultent 
donnent une image claire des anomalies de radiations de la 
région. 

Un équipement spécial s'est developpé pour répondre au 
besoin de légéreté et d'imperméabilité répondant aux con- 
ditions de hauteur et d’humidité. 


Radiometrische Vermessungen 

Das Ausfindigmachen von Lagern radioaktiver Erze aus 
der Luft hat zu einer bemerkenswerten Beschleunigung 
geologischer Forschungen gefiihrt. Lufterkundung ist der 
Anfangsschritt bei der Ueberpriifung eines neuen Gebietes 
und schafft die Basis fiir eine eingehendere Priifung zu 
Fuss oder mit Fahrzeugen. Als Ausriistung dient ein 
Funkenzdahlrohr mit einem Registriergerdt, der in ein kleines 
Flugzeug eingebaut wird. Die Apparatur wird tiber dem 
gewdhlten Abschnitt eines Gebietes auf einer Anzahl 
paralleler Strecken hin und her geflogen, wobei immer die 
gleiche Hohe iiber der Erdoberfléche beibehalten wird. 
Ein photographischer Apparat registriert den Weg des 
Flugzeuges, und die spdatere Analyse der im Gerdt regis- 
trierten Kurve und des entwickelten Filmes gestattet die 
Aufzeichnung einer Karte mit den Umrisskurven der emp- 
fangenen Strahlung. Die resultierenden Isoraden ergeben 
ein klares Bild von den allgemeinen Anomalien der 
Strahlung in dem Abschnitt. 

Ein spezielles Gerat ist entwickelt worden, um den Anfor- 
derungen leichten Gewichtes und durch Hohe und Feuch- 
tigkeit unbeeinflussten Funktionierenszu geniigen. 


- . . U . 
Estudios Radiometricos 


La _ exploracién aérea de _ vyacimientos de _ minerales 
radioactivos ha acelerado en gran medida las investigaciones 
geoldgicas. La exploracién aérea se emplea como paso 
inicial en la investigacién de un pais nuevo y proporciona la 
base para una investigacion detallada a pie o en vehiculos 
terrestres. El equipo que se emplea comprente un detector 
de centelleo que alimenta un registrador montado en un 
avion pequeno, Este ultimo recorre un regién determinada 
del pais viajando siguiendo lineas paralelas y a una altitud 
constante sobre el nivel del suelo. Una mdquina fotografica 
registra el progreso del avién y el estudio comparativo 
subsiguiente del grafico del registrador y de la pelicula 
revelada permite trazar un mapa de contorno de las 
radiaciones recibidas. Las_ isorradiografias resultantes 
ofrecen un cuadro claro de las anomalias generales de 
radiacion en la regioén. 

Se ha perfeccionado un equipo especial que reuniese las 
caracteristicas necesarias de poco peso e inmunidad contra 





las condiciones de altitud y humedad. 
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Ion Exchange in Uranium Producti 
5 it 
d 
: L 
Widely used by industry for softening and demineralizing water, jon “ 
exchange is now being adopted for extracting uranium from low grade ores. ng - 
The simplicity and cheapness of the process has resulted in the quantity T.V. ARDEN, Ph.D., B.Sc., F.R.LC., M.IL.M.M., St 
production of uranium from mines where the low concentration was once Chief metallstsist.'Paviaidit. Ch Bid be 
considered to make the ore unworkable. ; _ — m 
[ RANIUM occurs in three major forms. The first is that the Chemical Research Laboratory, Teddington, and also by i 
of pitchblende or uraninite, which is a black oxide of a team at the University of Vancouver. Both these authorities we 
variable composition. This material is the essential part of developed workable processes, the C.R.L. method depending . 
the rich deposits mined prior to 1939, and is also the valuable upon leaching at normel temperatures in the presence of a , 
constituent of the South African, Portuguese, Canadian and rather expensive oxidizing; agent, whilst the Vancouver pro- fe 
North Australian deposits. cess was based upon leaching at high temperature and under rs 
Associated with pitchblende there is usually some secondary pressure without an oxidizing agent. Both methods, there- bu 
mineralization, in the form of autunite (calcium uranium fore, have disadvantages and they have not been widely used: gr 
phosphate) and torbernite (copper uranium phosphate, but in some of the very alkaline ores, which would give ” 
together with other similar materials. These compounds, excessive reagent consumption if acid treatment were used, 
an 


which are coloured bright yellow or bright green, are formed 
by the natural leaching and redeposition of uranium over the 
course of the ages. 

The third group of minerals includes the refractory ores 
such as pyrochlore, davidite, monazite, etc. In these minerals 
the uranium is chemically bound in place and cannot be 
removed by acid leaching. These minerals must be broken 
down by expensive chemical methods and, so far as is known, 
the only one at present being treated is the davidite deposit 
in South Australia. 


Methods of Treatment 

The methods of extraction of uranium from ores in general 
are of three types: 

a. Mineral dressing, 
b. Alkaline leaching, 
c. Acid leaching. 

Mineral dressing—This term covers a range of different 
processes used for the recovery of metals from low-grade ores. 

The simplest method is that of the “panning” of gold, when 
the ore is stirred by hand with water to let the lighter particles 
float away, whilst the gold sinks to the bottom. This process 
is used on a large scale in several different types of machines, 
including jigging tables and hydraulic classifiers. Variations 
of this theme are the “float sink” process in which a liquid 
of high specific gravity is used to separate a heavy mineral 
from a lighter one; and the “heavy medium” process, in which 
a light mineral is caused to rise above a heavy mineral, both 
being in the form of a fine pulp. 

One of the most widely used processes is that of froth 
flotation, in which advantage is taken of the fact that some 
minerals, especially the sulphides, are not wetted by water, 
and therefore tend to collect at the surface. They can thus 
be recovered by causing the ore pulp to froth, by means of 
a suitable agent, so that the mineral is entrapped in the froth 
and can be scraped off the top. 

All these methods, together with others such as magnetic 
and electrostatic separation, have been tried for uranium 
minerals but, in general, they have been found unsuccessful. 
The only known exception at the present time is Australian 
davidite ore, at Radium Hill, South Australia, which is first 
concentrated by gravity separation and froth flotation methods 
to up-grade it to a level at which it can be subjected to 
chemical treatment. 

Alkaline leaching—Uranium jis almost unique in that it 
dissolves readily in sodium carbonate solution, whereas all 
other common metals are precipitated by this reagent. Accord- 
ingly, if the minerals can be attacked by sodium carbonate, 
virtually pure uranium solutions result. A great deal of 
research has been carried out on carbonate leaching, both by 


pressure carbonate leaching is employed, with recovery of 
uranium from the solution by precipitation with caustic soda. ; 

Acid leaching—This is by far the most widely used treat- 
ment method. All the Canadian and U.S. ores, the South 
African, Portuguese, Rhodesian and one of the Australian 
ores are treated in this way. Any mineral acid may be 
employed but, for reasons of economy, sulphuric acid is the 
only one which has any value in practice. The secondary 
minerals mentioned previously dissolve very readily in dilute 
sulphuric acid, but the primary oxide minerals do not dis- 
solve directly and require an oxidizing agent to put them into 
a state in which they can go into solution. Almost any 
commonly available oxidizing agent will suffice but in most 
parts of the world manganese dioxide in the form of pyrolusite 
has been used, because of its fairly common occurrence. In 
the north of Canada sodium chlorate is suitable, in spite of 
its high price, because all raw minerals have to be air freighted 
to the mines and the cost of freight is the most important 
factor. Sodium chlorate has the highest usable oxygen content 
of any commonly available agent. 

Unfortunately, uranium js not the only metal which dis- 
solves under these conditions; and all uranium ores contain 
large quantities of other minerals, such as pyrite, which are 
also oxidized and dissolve, causing considerable waste of the” 
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reagents, and yielding a solution in which uranium is only 
a minor constituent. 
by 
| met; 
URANIUM PRODUCTION reco 
The present position with regard to uranium production from low Si 
grade ores is as follows, the countries being named in the approximate 
order of importance: — of u 
SOUTH AFRICA. Very large tonnage from the Witwatersrand gold ores. | phos 
CANADA. Production at Great Bear Lake and Lake Athabaska. Large | 5 
new fields being developed in Ontario, | How 
U.S.A. Widespread mining and development chiefly in the Colorado disac 
region. It is stated that the U.S.A. may become one of the world’s 
biggest producers, | plan 
AUSTRALIA. Two areas now in preduction and two others likely to go lo 
ahead later. F 
PORTUGAL. The Urgeirica mine is in steady production but on a scale 10n-¢ 
considerably smaller than the South African and North American projects. prob 
FRANCE. France and the French Colonies have developed small sources j 
for their own use. Little is known about the scale or technology of size ; 
this work. mucl 
SWEDEN. Methods have been developed for the treatment of Swedish 
ore shales; but it is believed that these are extremely expensive. of th 
RHODESIA. Small deposits have been discovered in Northern Rhodesia, ~ Th 
and are being developed. 
ENGLAND. Small but quite rich deposits of uranium were available Com: 
in Cornwall, but unfortunately these have been largely worked out for d 
radium production and the uranium has been lost. evel 
NIGERIA. Nigerian pyrochlore (niobium-tantalum ore) contains appre- team: 
ciable amounts of uranium and would be a readily workable ore if it T 
were more accessible. It is believed that this source is not to be worked edd 
at present. Tech 
OTHER COUNTRIES. Israel, India, and the Argentine have been stated ; 
to produce small quantities of uranium. Afric 
; plex | 
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Recovery from Acid Leach Solutions 

Precipitation Methods—Whereas the development of leach- 
ing methods for uranium ores was comparatively easy, the 
development of recovery methods was much more complex. 
Leach solutions may frequently contain several hundred times 
as much iron, copper, calcium, aluminium, etc., as uranium: 
and separation is a difficult process. Nevertheless, several 
successful methods have been developed, some of which have 
been put into full scale production. Other systems have been 
made unnecessary by the ion exchange process. 

Solutions from fairly clean, medium grade ores can be 
treated by a fractional precipitation process in which the 
solution is raised to pH 3 to remove ferric iron and some 
of the aluminium silica. After filtering the liquid, the pH is 
then raised to 5.8 to precipitate the uranium, leaving the 
ferrous iron, magnesium, etc., in the solution. By this means 


a product containing up to 30% uranium can be obtained, 
but such a process would not be workable for the very low 
grade South African solutions, which yield concentrates 
containing only 2% uranium by this method. 

Some of the Canadian ores are very largely arsenical and 
an ingenicus method was developed by the’ Bureau of Mines 


Permutit ion-exchange uranium extraction columns at Port Pirie, 
Western Australia. 


by which the solution is reduced with powdered aluminium 
metal so as to precipitate uranous arsenite. A very good 
recovery of a high-grade product is obtained. 

Successful methods, based upon the selective precipitation 
of uranium as either uranyl or uranous phosphate or pyro- 
phosphate, have been developed to the pilot plant stage. 
However, nearly all the precipitation methods suffer from the 
disadvantage of needing very large settling and _ filtration 
plants. 

Ion Exchange.—lf it had not been for the discovery of the 
ion-exchange process world production of uranium would 
probably be very much smaller than it is at present, as the 
size and labour consumption of a precipitation process is very 
much greater for a given uranium production than is that 
of the ion-exchange plant. 

The process was first developed by the Dow Chemical 
Company in America for phosphate solutions. It was 
developed on the laboratory scale with sulphate solutions by 
teams of workers of the Chemical’ Research Laboratory, 
Teddington, England, and the Massachusetts Institute of 
Technology, Boston, U.S.A., who were working on South 
African ores. The uranium is selectively adsorbed as a com- 
plex sulphate on to a strongly basic anion exchange material 
such as De-Acidite FF. This reaction of uranium is almost 
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unique, as, in general, metals are not adsorbed by anion 
exchange resins but only by cation exchange resins. The 
only other metal adsorbed from the solution is ferric iron, 
which forms a similar complex sulphate, but the affinity of 
the uranium complex for the resin is so much better than the 
iron complex that from a solution containing 10 parts of iron 
to one of uranium, a product containing 90% uranium can be 
produced, irrespective of what other metals are present in 
the solution. The early pilot plant work was carried out in 
South Africa by a combined British and American team, and 
its success was such that precipitation processes were aban- 
doned, and large scale ion-exchange pilot plant was con- 
structed. From the results in this plant the main South 
African plants were designed. 

The scale of the work was so great that no single com- 
pany could construct all the plants required in the short 
time available for the development of the project, and con- 
tracts were awarded to two companies, the Permutit Co. Ltd., 
of Great Britain, and the lonac Corporation of the U.S.A. 
This construction programme is now almost complete and 
has proved to be the world’s biggest application of ion- 
exchange technique in fields other than that of water treat- 
ment. Results have been spectacularly successful. The pro- 
cess has since been extended to many other countries; and 
Permutit plants and resin are now in use in the Rum Jungle 
and the Port Pirie plants in Australia, in Northern Rhodesia, 
Canada and elsewhere. 

The process is simple in that the clarified acid leach liquor, 
containing a complex mixture of metal sulphates, is passed 
through the highly basic anion exchange resin under such 
conditions that the uranium is completely adsorbed, and all 
other metals with the exception of a small amount of iron 
passes through to waste. When the anion exchange resin is 
fully loaded with uranium and a trace of iron, it can be 
regenerated by passing through a slightly acidified solution 
of any metallic salt. In Australia and Canada, for reasons 
of economy, the solution js usually common salt containing 
sulphuric acid, whilst the South African plants use ammonium 
nitrate, which is cheap because of the large explosives industry 
in Johannesburg. 


Uranium Leach Plant 

The stages of treatment consist of mining, crushing, grind- 
ing, leaching, dewatering, ion exchange and effluent disposal. 

In Rum Jungle, North Australia, deep open-cut mining 
methods are employed owing to the difficulty of working 
underground at the high temperatures and humidity of this 
area. Most other mines have conventional shafts from which 
run galleries and stopes. 

The mined ore passes over 6-12 in. grizzlies. The over- 
size is broken down, either by hand in a small mine or in a 
large jaw crusher in a large mine. The combined undersize 
now passes through a jaw crusher which reduces it down to 
about 1 in. It may then be further crushed in a gyratory cone 
crusher or it may go straight to a rod mill or ball mill. 

Grinding is always carried out by a rod mill or ball mill, 
the latter being the most common. 

A ball mill results in a very much finer grind but soft 
minerals, such as clays, in the ore can become ground down 
to colloidal proportions before the bulk of the ore is suffi- 
ciently reduced. As a result, filtration is made more difficult. 
To overcome this, the ball mill is often operated in closed 
circuit with a rake or spiral classifier which continually takes 
out the finer material and sends it on to the next stage in the 
process whilst returning the coarser material to the mill for 
regrinding. 

When classification is used the ore pulp becomes diluted to 
about 25% solids or even less. Before leaching it must there- 
fore be dewatered and this is usually carried out in Dorr 
thickeners. 

The underflow from the thickener or the ball mill discharge 
at about 60% solids is fed into an agitator vessel, where acid 
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is added to dissolve the uranium. When the scale of opera- 
tions is of the order of hundreds of tons per day, this is 
frequently performed in Dorr agitators—cylindrical vessels 
with a rotating mechanism containing air lifts to agitate the 
pulp. Wood or rubber-covered steel is the usual material of 
construction. For larger scale use, Pachucas or Brown tanks 
are widely used. These consist of tall conical-bottomed vessels 
without a mechanical agitator mechanism but with a central 
air lift to maintain the pulp in a state of agitation. 

The leached pulp at about 70% solids must be separated 
cleanly into a clear liquor (containing uranium and other dis- 
solved constituents) and a washed residue. In most mines 
this is carried out by direct filtration using 14-ft. x 16-ft. 
rotary filters of the Dorr Oliver or Fraser Chalmers type; but 
when the ore is difficult to filter, as in Portugal and South 
Australia, counter-current decantation is used. In this pro- 
cess three or more Dorr thickeners are used in series. To the 
feed-well of each is fed the underflow of the one behind it, 
together with the overflow of the one in front. At one end 
the leached pulp is fed in and at the other end clear water. 
The overflow from the first end consists of pregnant liquor, 
whilst the underflow from the far end consists of washed ore. 
This process is often cheaper than filtration, particularly for 
acid liquors; the power consumption is almost negligible. It 
has the disadvantage that the type of ore for which it is most 
suitable settles badly, so that large thickeners are needed. 

Filtration or counter-current decantation, is followed by 
clarification by means of sand beds to ensure that a really 
clear liquor is fed to the ion-exchange plant. 


Ion Exchange 

The separation and concentration of uranium from the 
pregnant leach liquor by ion exchange is essentially a two 
step process. First, the liquor passes through the ion-exchange 
plant so that the uranium is adsorbed by the ion-exchange 
material, and secondly, when the material is fully loaded, the 
uranium is eluted from the material by acidified metallic 
salt solution. The uranium is then precipitated from the 
eluate with an alkalj and is thickened and filtered to produce 
cake containing up to 90% uranium oxide. 
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Owing to the valuable nature of the pregnant liquor, and 
to the necessity for producing a rich, pure eluate, a frac- 
tional elution process is employed. The operational flow is 
thus somewhat complex, and the plant is thus fully automatic. 

The standard plant consists of three ion-exchange columns 
arranged so that any two columns can work in series on 
adsorption whilst the third column undergoes elution. 
Dependent on operating conditions, it has been found that 
in certain cases the use of four columns is advantageous so 
that adsorption can be undertaken by three columns in series. 
Automatic control systems have also been devised to cater 
for this system of working. 

With the standard three-column plant, the second column 
of a pair on adsorption acts as a stripping unit for the liquor 
leaving the first column. The maximum loading on to the 
first column is thus obtained without loss of uranium values. 
At saturation of the first column, it is removed from the line 
and a freshly eluted column goes into operation to strip the 
liquor leaving what was originally the second column on 
adsorption. During this time the loaded column is eluted 
for recovery of the uranium, it is then washed to remove 
eluate, and finally goes on to standby until required for 
continuing the adsorption. 

Operating cycle—The operation of a standard three-column 
plant is shown diagrammatically below. When a column 
has finished adsorption it is first flushed with water to remove 
the excess pregnant liquor from jt. The flushings are returned 
to the pregnant store (stage 1). The column is then washed 
with water in an upwards direction in order to regrade the 
resin and remove any fine dirt which may have got into it 
(stage 2). Eluting solution is then passed through the column. 
This solution first of all displaces water from the resin, the 
water being collected and returned to the pregnant circuit 
in case it contains any uranium (stage 3). As the solution 
continues to pass through, the uranium is now desorbed and 
forms a rich yellow solution which is sent to precipitation 
(stage 4). To cut down the total quantity of eluent 


required, it is customary to elute in two stages so that the 
last runnings, which contain very little uranium, are collected 
The 


separately and re-used during the next elution cycle. 


























STAGE 3 STAGE 4 











BD 


STAGE 7 STAGE 8 















PL= PREGNANT LIQUOR W = WATER 


Flow diagram 


Ist = 1st. ELUENT 2nd = 2nd. ELUENT BD = BARREN 


for a three-column ion-exchange uranium extraction plant. 


P= OUTLET TO PRECIPITATION 
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Electrical control panel for the Permutit installation in Australia. 


second eluent is introduced, displacing the last of the first 
eluate, which is also sent to precipitation (stage 5). The 
second eluent then continues to be pumped into the plant 
where it removes the last traces of uranium and is then sent 
to the first eluent tank for re-use (stage 6). Finally, the second 
eluate is displaced by water (stage 7), and the column is now 
on standby ready to go on adsorption as soon as it is required. 
All these operations are automatically controlled. 

Construction—As both the eluate and pregnant solu. « 
are corrosive, the materials used in construction are resistant 
to corrosion. 

Each column consists of a rubber-lined welded mild-steel 
pressure vessel with dished ends and supporting feet attached 
to the bottom dish. The top dish is fitted with a manhole 
and cover, and each column is provided with connections for 
pregnant and eluate inlets and fer the main outlet. The 
columns are interconnected by rubber-lined steel piping 
arranged in two banks, and each column is fitted with 
remotely controlled automatically operated valves. 

Each column contains a bed of ion-exchange material sup- 
ported on a layer of crushed, graded flint in which is 
embedded a corrosion-resistant spreader system for with- 
drawing liquor from the bottom of the column and for dis- 
tributing water during upward washing. The underbed is 
supported on a flat rubber-coated steel false bottom. There 
is also an upper spreader system for distributing the eluate 
evenly over the top of the ion-exchange material. 

Visual indicators—With the exception of the electrical 
equipment in the hydraulic cabinet, all major electrical control 
gear for one set of three columns is housed in a single control 
cabinet. In addition to the timers, pressure gauges, flow 
indicators, starters and signat lamps, each electrical cabinet 
is provided with three sets of illuminated indicators which 
show at a glance the stage reached by the column in the 
operating cycle. These indicators are arranged in vertical tiers, 
one for each column, and each has ten stations labelled in 
accordance with the eight elution stages, with one station to 
show “Adsorption” and another to show “Manual” if a 


column is being operated manually as distinct from 
automatically. 
Ion-exchange materials—The resin used for adsorbing 


uranium from sulphate solution consists of fine spherical 
beads. Chemically they are made of polystyrene containing 
strongly basic quaternary ammonium groups. A number of 
resins of this type are available, the British material being 
known as De-Acidite FF. 
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Effluent disposal—The liquids emerging from the ion- 
exchange plant have the same pH as the original leach, usually 
about 1.5. It is usually necessary to neutralize them before 
disposal and this process can be quite a major cost. 

Costs—lIn a typical plant about 50% of the total capital cost 
is in the mining, crushing and grinding sections. A further 
30% is accounted for by leaching and filtration, whilst the ion- 
exchange and recovery sections will account for only 10-20%. 





Echange d’lon dans la Production d’ Uranium 

Avant 1939 seuls les dépéts de 
plusieurs dix pour cent d’uranium étaient considérés 
utilisables pour sa transformation. Actuellement on peut 
arriver a@ récupérer l'uranium des minerais contenant aussi 
peu que 0,1% duranium. Le traitment par échange dion 
est a la fois plus simple et moins cher et se préte @ un 
contréle purement automatique. Les méthodes d’extraction 
comprennent la préparation mécanique des minerais, le 
lessivage alcalin et acide, toutes ces opérations demandent 
un matériel cotiteux, La méthode de lessivage acide, la plus 
couramment employée au Canada, aux Etats-Unis, en 
Afrique du Sud, au Portugal et en Rodhésie entraine 
utilisation d'une grande quantité d’acide sulfurique et d'un 
oxydant tel que MNOz ou NaClo. 

La recupération a partir de solutions acides de lessivage 
était particuliérement difficile. Le procédé par échange 
dion comprend Uabsorption de sulfate d’uranium sur 
matiére d’échange d’anion fortement basique telle que la 
“De-Acidite FF.’ Mis a part le fer ferrique, l'uranium 
posséde des caractéristiques uniques d’absorption d’anion. 
L’uranium peut étre récupéré et la résine régenérée par 
départ par un sel métallique légérement acidifié tel que le 
NaCl et le H2SOy. Des détails d'une installation de 
production typique sont discuteés. 


minerais contenant 


onenaustausch in der Uraniumerzeugung , 

Bis 1939 wurden nur diejenigen Erzlager als zur Verar- 
beitung geeignet angesehen, bei denen der Prozentsatz an 
Uranium in die Zehner ging. Zur Zeit kénnen Erze nutz- 
bringend verarbeitet werden, die weniger als 0.1% Uranium 
enthalten. Das lonenaustauschverfahren ist sowohl ein- 
facher, als auch billiger und eignet sich besonders fiir 
vollautomatischen Betrieb, Extraktionsmethoden umfassen 
mechanische Aufarbeitung der Mineralien, Auslaugen mit 
Alkali und Auslaugen mit Sduren. Das Verfahren des 
Auslaugens mit Sduren wird sehr weitgehend in Kanada, 
den Vereinigten Staaten, Siidafrika, Portugal und Rhodesien 
angewendet und verbraucht grosse Quantitdten von Schwe- 
felsdure und Oxydationsmitteln wie MNO: oder NaClO.. 

Die Gewinnung aus dem Verfahren durch Auslaugen mit 
Sduren war besonders schwierig. Das lonenaustauschver- 
fahren arbeitet mit der Adsorption von Uraniumsulfat an 
stark basisches Anion-Austauschmaterial, wie z.B. “De- 
Acidite FF.” Abgeshen von Eisen-I]l Uranium ist einzi- 
gartig in seiner Anion-Adsorptions-characteristic. Uranium 
kann gewonnen, und das Harz erzeugt werden, wenn man 
mit einem schwach angesduertem Metallsalz wie z.B. NaCl 
und H2SO, elutriiert. Einzelheiten einer typischen Produk- 
tionseinheit werden diskutiert. 


Permutacioén del Ion en la Produccign de Uranio 

Hasta 1939 solamente se consideraban adecuados para la 
explotacién aquellos yacimientos de mineral cuyo por- 
centaje de uranio era superior al 10°. Actualmente, en 
cambio, pueden explotarse con éxito yacimientos cuyo 
mineral contiene un porcentaje tan reducido como el 0,1°% 
de uranio. El proceso del intercambio de iones resulta 
tanto mds sencillo como mds econémico y se presta a la 
regulacién completamente automdatica. Los sistemas de 
extraccién comprenden la preparacién para el beneficio, 
lixiviacién alcalina y lixiviacién dcida, todos los cuales 
exigen materiales costosos. La lixiviacién dcida, mas exten- 
samente empleada en el Canada, los Estados Unidos, Sud 
Africa, Portugal y Rhodesia exige el uso de grandes can- 
tidades de dcido sulftirico y de un agente oxidante como 
MNO: o NaCloO,. 

La extracci6n a través de soluciones de lixiviacién dcida 
resulté particularmente dificil. El procedimiento del 
intercambio de iones exige la absorcién del sulfato de 
uranio por un material fuertemente bdsico de intercambio 
ani6nico como el “De-Acidite FF.” Aparte del hierro férrico, 
el uranio posee singulares caracteristicas de absorcién de 
aniones. El Uranio puede recuperarse regenerdndose la 
resina elutridndola con una sal metdlica ligeramente acidu- 
lada como NaCl y H2SO4. Se discuten los detalles de una 
instalacién tipica de produccion. 
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Experimental Reactor Systems 


PART 2 


The discussion of the zero energy reactors begun in Part \ of the series is compieted 
with ZEUS. The next stage in the research reactor programme is the building of high- by 


flux research reactors which provide facilities for the chemist, metallurgist and 
engineer for experimentation at temperatures and fluxes that will be encountered in 
These include both graphite- and heavy-water-moderated 


the high-powered reactors. 


R. F. JACKSON, M.A., A.M.I.Mech.E, 
Assistant Director, Engineering, A.E.R.E., Harwell 


research reactors, and a light-water-moderated reactor of the swimming pool type. 


past 1 of this series discussed exponential experiments, 

critical assemblies and zero energy reactors DIMPLE 
and ZEPHYR. This last category also includes the experimen- 
tal fast breeder uranium system ZEUS. 


ZEUS 
ZEUS, built in 1955, has a much larger and more dilute 
core than ZEPHYR_ with fuel elements containing 


uranium-235 and will provide detailed information relevant 
to the physics design and operation of the experimental power 
breeder reactor now being built at Dounreay. 

Fig. 1 shows the construction of the reactor. The core is 
surrounded by a massive natural uranium blanket in which 
breeding takes place. This is surrounded by a graphite region 
which serves both as the first part of the neutron shield, 
slowing down the fast neutrons leaking from the blanket, 
and also as a convenient place for siting some of the ioniza- 
tion chambers for measuring neutron flux and hence power 
level. Once more a very modest concrete shield permits 
operation at 100 watts. 

The reactor has been designed largely to facilitate investi- 
gations into the effect of widely differing degrees of enrich- 
ment of the fuel. The core comprises a very tight assembly 
of 0.9 in. dia. tubes, 300 in all, which may be loaded and 
reloaded with a varying proportion of small segments of 
enriched uranium-235 and segments of natural uranium. Each 
experimental loading at a new enrichment is treated as a 
formal approach to criticality in a manner similar to that 
described in Part 1, although a whole series of experiments 
and observations may then be made. 

The control and safety arrangements of ZEUS comprise 
the movement within the core of some 84 fuel rods arranged 
in twelve groups of seven. The neutron cross-section to fast 
neutrons of most of the absorbers which are effective for 
control jn thermal reactors is so small that it sometimes 
becomes more practical to control a fast reactor by moving 
fuel rods out of the core rather than moving absorbers in. 
Nevertheless by the use of certain separated isotopes—for 
example Bro—equally effective fast neutron absorber control 
rods could be made. Six of these twelve groups are held from 
above as safety groups and will fall out of the core under 
gravity when released from a magnetic coupling whilst the 
remaining six are operated from below and provide various 
control and experimental functions, again being capable of 
rapid drop in response to various emergency and shut down 
conditions. 

As the purpose of ZEUS is to simulate as accurately as 
possible the physics characteristics of its high power counter- 
part but without its engineering complication of heat removal 
it has been possible from the point of view of nuclear 
similarity to replace the sodium coolant by appropriate 
amounts of solid magnesium or aluminium metal and the 
intricate sheathing material sections by simple rods and tubes 
of the same material suitably spaced throughout the core. 

So far in the assemblies described adjustments and measure- 
ments in the systems have formed the physics raison d’étre. 
The next stage is the building of research reactors proper 
where it is no longer the characteristic of the reactors that is 
of primary importance but the volume of neutron flux they 
provide for experiments. 


GLEEP 

The first of these and the oldest reactor at Harwell is the 
air-cooled and graphite-moderated GLEEP. Completed in 
1947 and capable of operating at 100 kW, GLEEP comprises 
a graphite cube some 20 ft. in dimension built of graphite 
blocks of 74in. lattice dimension, longitudinal features 
machined in the blocks providing the 887 channels in which 
lie the mixture of uranium rods and uranium-oxide canisters 
of which the core of this early reactor was built. It is 
surrounded by a biological shield, 5 ft. thick, in which are a 
limited number of experimental holes. Although during the 
first year of operation GLEEP was responsible for all the 
early radio-isotope production, it soon reverted to the purpose 
for which it was primarily conceived, that of determining the 
nuclear quality of the constructional materials (in particular 
graphite and uranium) for other reactors. 

The size and critical tonnage of a reactor may be consider- 
ably influenced by the purity of the moderator and uranium 
Thus a 10% increase in the neutron capture cross-section of 
the graphite will require an increase in the core size of a 
natural uranium graphite reactor of 30%. This change could 
be caused by 0.5 p.p.m. of boron as impurity. Whilst this and 
other possible impurities may be checked chemically, they 
may be near the limits of detection by these methods and it 
is convenient to have a pile method of comparing production 
samples with those of known standards in the same environ- 
ment as they will actually be used. 

GLEEP is provided with an 8-in. square horizontal hole 
which passes right through the reactor near its centre point. 
Through this hole and extending beyond there is a “railway” 
track on which runs a “train” (Fig. 2). The train is loaded 








Fig. 2. Graphite block for testing being lowered on to the train 
at the east face of GLEEP. The train is then made to oscillate 
between two set positions. 
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Fig. 1. 


ZEUS—showing core, blanket and control systems. 
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with a long length of graphite blocks, towards one end of 
which is a special location for the sampie block whose purity 
is to be tested. With the reactor operating at a steady power 
of about 1 kW the train is moved rapidly in each direction, 
resting for about 30 seconds between each movement, first 
with the sample position at the pile centre and then with the 
reference end of the train at the pile centre. Due to small 
differences in the neutron absorption properties of the sample 
to be tested and the reference end of the train, the reactor 
will suffer a series of slight increases and decreases in pile 
power in sympathy with the movement. The rate of change of 
power or pile period measured in these excursions may be 
translated into change in reactivity 5k/k and this into differ- 
ence of neutron cross-section between the sample and the 
reference. Successive measurements allow differences in 
quality to be cbserved between sample and sample, or sample 
and a standard. Similar techniques may be employed to 
compare uranium purity and to compare the neutron cross- 
sections of many materials to a reference standard of boron 
whose cross-section is known. 


Shielding Reactor 

The next reactor in our catalogue is a 100-kW reactor now 
nearing completion which has been designed specifically to 
facilitate experimental work on the design of optimum shields 
for future reactor systems (Fig. 3). 

Where the minimum cost of the over-all shield of a reactor 
is of greater importance than its thickness and weight as in 
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most land-based applications, then ordinary concrete provide 
by far the most convenient materia! to use. In some applica. 
tions, however, such as experimental and propulsion reactors, 
a thin shield or a minimum weight shield may be of paramoun 
importance and its design may be complicated by the need t 
pass large experimental features or coolant tubes through it; 
thickness without prejudice to the shielding effectiveness. |; 
is with the choice and disposition of special shielding materiak 
such as barytes and steel shot concretes, lead, steel 
polythene, boron-loaded materials, etc., in these application: 
that the programme of the shielding reactor is speciall 
concerned. 

This reactor is a variation of the so-called swimming-poo 
reactor. It comprises a core ccntaining 3.5 kg of enriched 
uranium fuel elements suspended from a moving platform 
within a concrete tank of water 8 ft. wide x 27 ft. long and 
22 ft. deep. The tank, which is generally of concrete some 6 ft 
thick, has two positions, one on the long side and the othe: 
at one corner where, over a section 8 ft. high x 8 ft. wide, 
the thick concrete wali has been replaced by a thin aluminium 
panel sufficient to withstand only the hydrostatic pressure of 
the water within. If the reactor core, suspended from it 
moving platform and complete with control, safety and power. 
measuring arrangements, is brought to the inner face of either 
of these experimental panels and operated at an appropriat: 
power level, an intense source of suitable pile radiations i 
provided thus enabling measurements and observations to be 
conducted on the efficiency of an experimental shielding 
arrangement stacked in the — shield 
cavity in front of the panel. The meri 
of this arrangement is that it combine 
the flexibility of movement of the 
reactor core between one experimental 
pesition and another and the con. 
venience of being able to erect the 
shielding assembly in dry conditions 
outside the tank. 

Typical experiments will consist 0! 
measuring the neutron and gamma raj 
fluxes at various points through the 
thickness of a composite lead and poly: 
thene shield for different arrangements 
of the lead and polythene, or measuring 
the escape of radiation down larg 
bore coolant tubes passing in differen 
angular arrays through a dense shiel¢ 
wall, 


BEPO 

Finally, the general purpose research 
reactors at Harwell are represented by 
the 8-year-old graphite uranium reactof 
BEPO, and by the two new heavy-wate 
reactors DIDO and PLUTO now undef 
construction. 

BEPO has been described elsewheré 
(Nuclear Engineering, April 1956, T 
World’s Reactors No, 1). It is an aif 
cooled medium-power research reacto 
which provides an average neutron fl 
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ide over a core volume 20 ft. long and 20 ft. in diameter. ‘It is 
plica. constructed with nearly 100 experimental holes, both horizon- 
ctors tal and vertical, at right-angles to the uranium fuel channels 
noun 2nd penetrating some to the centre and some from side to side 
ed to of the reactor. It contains exainples of nearly every type 
gh it of experimental usage to be found in any research reactor 
s. J Programme and some of these will be examined to illustrate 
eriak the many facets of physics, chemistry, metallurgy and engin- 
stee| eeting which must be explored experimentally to provide the 
ation: data for the design and construction of future reactors. 
cially So that a proper assessment can be made of the possible 
‘application of a material under various conditions of neutron 
poo, energy and as part of the general task of amassing funda- 
-iched mental nuclear data, there is a large programme for measuring 
tform the neutron cross-section of all the elements and of some 
g ané separated isotopes, to neutrons of energies from 1/40 eV up 
e6ft to several MeV. This requires a method of producing a 
othe neutron beam whose energy is both known and can be varied 
wide 2t will over a range. Whilst, in the MeV region, such beams 
inium ca be conveniently produced by particle accelerators, a 
ire of reactor acts as a very convenient source of neutrons of all 
m its energies provided some energy selector can be used. Several 
ower. Such experiments are to be seen set up on one of the experi- 
eithe, Mental faces of BEPO in Fig. 4. The long tube extending 
priate @CTOSs the picture is the evacuated neutron flight path of a 
ons j Mechanical neutron velocity selector or chopper. A neutron 
to be Shutter at the pile face rotating at high speed chops the multi- 
elding energetic beam of neutrons emerging from the pile into short 
shieli Pulses. The neutrons allowed to escape in this short pulse spread 
mer) out in time down the flight tube according to their velocity or 
nbine’ energy. At the end of the flight path is a counter which, 
f the Synchronized with the rotation of the chopper, records the 
nentj “umbers of neutrons arriving at various time intervals, that is, 
con. With various velocities. Neutron absorption measurements at 
ct the Various neutron energies can then be made by inserting a 
Jition Sample in the beam and noting the fraction of neutrons trans- 
mitted at different energies. An alternative method of obtain- 
sist of ing a neutron beam of discreet energy is to allow a beam of 
na ra). Pile neutrons to be diffracted by a suitable crystal when, by 
h the 2 process analogous to a light or X-ray spectrometer, neutrons 
| poly. of varying energies are diffracted through different angles. 
sment lhe chemist may be concerned with the new chemical 
suring Teactions, especially those of decomposition or dissociation, 
larg which may be caused by intense neutron and gamma radiation 
fferen. OF With the change in rate of a conventional reaction at 
shieli Various temperatures and pressures which may be induced by 
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BEPO—experimental face showing typical experiments in 
progress on the neutron energy selector. 
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radiations. The many problems studied may range from reac- 
tions chosen to illuminate the underlying principles of radia- 
tion chemistry to the more ad hoc experiments to determine 
the chemical compatibility of materials chosen for a new 
reactor system. Holes in the top face of BEPO can take a 
vertical experimental tube containing a typical chemistry 
experiment for irradiation with suitable precautions against 
its induced radioactivity. The bottom end of this tube, which 
locates in the centre of the pile, contains a small heater 
section thermostatically controlled up to 400°C and within 
this a silica reaction vessel is connected by silica capillaries 
to an external apparatus from which the progress of the 
experiment can be controlled and observed. 
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Reactors have also given the chemist a new and powerful 
method of analysis; in suitable cases very small quantities of 
material—an impurity perhaps—may be measured by the 
intensity of the characteristic radiation of that impurity identi- 
fied by its half life and energy spectrum after irradiation in a 
reactor. Sometimes it is necessary to look for very short half 
lives, of the order of seconds, when the time taken to transmit 
the sample from the reactor to the chemical laboratory is all- 
important. A system of pneumatic dispatch tubes or “rabbit 
runs” are used between the reactor and the laboratory, allow- 
ing the sample, enclosed in a sample container or “rabbit” 
made of low activity Bakelite, to be sent to and fro at some 
20 feet per second (Fig. 5). 

The metallurgist will be concerned with maintaining a nice 
balance between the more fundamental approach of measur- 
ing the effect of radiation on the physical and structural 
properties of pure metals and crystals and the need for ad 
hoc experiments on the irradiation effects on complex alloys 
and fuel-element materials with an immediate application to 
the reactor programme. Typical metallurgical experiments 
will permit samples to be irradiated at high temperatures, thus 
simulating the conditions of a future reactor. The metallurgist 
will often be faced with performing accurate measurement 
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on the condition and properties of his irradiated specimens 
under ‘conditions of remote control on account of the radio- 
activity of the specimen and the provision of adequate remote 
handling, viewing and measuring facilities is one of the major 
ancillary features of a research reactor programme. 

Apart from the operation and maintenance of the research 
reactor the engineer is also concerned with its experimental 
use. When a new reactor design is postulated and the many 
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individual physics, chemistry and metallurgy experiments 
have been done, it is often relevant to perform an engineering 
experiment on a complete, though small, scale model of the 
proposed reactor-coolant/fuel-element arrangements, using a 
loop of the proposed circuit through the neutron flux zone of 
an existing research reactor. This so-called engineering hot loop 
experimental approach is particularly worth-while in reactor 
engineering development, as unlike most other fields of 
engineering a successive number of pilot plant steps is not 
possible. A pilot scale reactor must be of a certain minimum 
critical size and this minimum size almost certainly involves 
capital expenditure at least 10 and perhaps 50 times greater 
than the cost of the largest hot loop experiment. 

A typical hot loop is shown in Fig. 6. This loop has been 
running in BEPO for two years testing certain aspects of the 
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cooling arrangements for the Calder Hall power reactors. A 
stainless-steel tube 6 in. in diameter placed through the central 
flux zone of BEPO has allowed a replica of a graphite channel 
containing the finned uranium rods to be cooled by CO: at 
100 p.s.i. with appropriate inlet and outlet temperatures. The 
CO: is circulated by an external circuit containing totally- 
enclosed gas bearing compressors, filters, heat exchanger and 
gas activity monitoring arrangements. As such a hot loop now 
contains fuel rods, and the failure of the cooling circuit would 
damage the experiment and perhaps the reactor itself, it 
becomes most important that the standard of design and 
operation of such experiments must be comparable with that 
of the reactor. Guard and warning circuits interlock the 
Operation of the loop apparatus to the reactor and ensure that 
an automatic reactor shut down is effected by certain pre-set 
variations of loop conditions, thus removing the neutron flux 
which is the basic source of heating within the loop. 

Other loops may involve liquid sodium, high pressure water 
and homogeneous circulating fuel circuits of both aqueous 
uranium salts and liquid metallic bismuth-uranium solutions, 

Last, but not least, most research reactors have an asso- 
ciated programme of radio-isotope production. BEPO produces 
most of the radio-isotopes that makes Harwell one of the 
largest producers in the world. Bulk quantities of several 
kilograms of target materials such as tellurium and sulphur 
for 1131 and P32 production are irradiated in vertical holes 
and removed during weekly shut down periods. The much 
larger number of smaller samples which require individual 
treatment are accommodated in five irradiation belts providing 
a total capacity of over 1,000 samples in the reactor at any 
one time. Each of these units comprises a long belt of mag- 
nesium and graphite construction, each link of the belt having 
a cavity for a standard 3 in. long x | in. diameter isotope 
can. The belt can be wound through one of the 4-in. hori- 
zontal experimental holes at any time during the operation 
of the reactor and samples can be loaded and removed at 
the shielded position where the belt makes an appearance at 
the pile face. 


DIDO 

However, BEPO is clearly not suitable for performing in a 
reasonable time, experiments on the irradiation effects on fuel 
elements and structural materials for power and propulsion 
reactors which are to operate at 10 to 100 times the flux level 
in BEPO. A higher flux research reactor is required. 

The design of a high flux research reactor should provide 
the specified flux level—which is inevitably associated with a 
high heat release rate in the fissile material—with as low an 
operating and capital cost as possible. These costs are both 
considerably influenced by the total heat output, as the con- 
sumption of fissile material forms a large part of the operating 
cost and the size of the heat-removal arrangements form 4 
large part of the capital cost. 

The use of highly enriched uranium may result in a rela 
tively small critical core size of the order of 3 kg. of U 235 as 
compared with 300 kg. U 235 contained in the 41 tonnes of 
natural uranium in BEPO. Thus a heat rating, and therefore 
a neutron flux, some 100 times greater can be obtained for the 
same over-all heat output, but at the expense of a consider: 
ably smaller volume in which the high flux is available. These 
principles have been embodied in the new Harwell research 
reactors DIDO and PLUTO which are of nearly identical 
design, each containing some 2.5 kg. of highly enriched U 235, 
moderated and cooled by some 10 tonnes of heavy water and) 
providing at the designed power of 10 MW a peak thermal 
flux of 10'' n/cm.?-sec. in the core. 

The first of these reactors, DIDO, will be completed this 
year and will provide some 50 horizontal and vertical experi 
mental holes. The reactor will be used in much the same wa}! 
as BEPO to provide for a wide range of physics, chemistr) 
and metallurgy experimental work together with radio-isotope 
production. 
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The second reactor, PLUTO, which will be completed in 
1957, has only eight major experimental holes each 7 in. 
diameter, and will be devoted almost exclusively to the very 
important type of engineering hot loop experiment of which 
mention has already been made. The size of the out-of-pile 
equipment of a hot loop experiment, the shielding round 
pumps, heat exchanger, etc., the radiation levels resulting and 
the preferred programme of continuous operation all conspire 
to make the operation of several large hot loops somewhat 
incompatible with a general research reactor programme. 

The use of these high flux reactors introduces new problems 
in the techniques of using a research reactor to provide the 
experimental evidence to a particular problem. The quantity 
of material used in the experimental assembly must be most 
carefully considered, as a single stainless-steel containing tube 
may absorb 25% of the excess neutrons available for all 
experimental purposes. Heating in most materials by gamma 
capture is as great in DIDO as it is for uranium in BEPO 
and cooling is invariably necessary. The possible effects of 
an accident to an experiment may involve the loss of costly 
heavy water and in some cases the reaction of sodium with 
water or air. The detailed methods of disposing of the highly 
radioactive apparatus on removal from the reactor and the 
removal of the samples form an important part of the design. 

Loops already planned for PLUTO include experiments 
with coolant gases, high pressure water, liquid sodium, organic 
coolants and circulating fuel systems in both water and liquid 
metals, 

A valuable by-product of both these reactors will be the 
use of the fuel elements immediately on removal to provide 
an intense source of gamma rays for gamma irradiation 
studies on both the properties of materials and the sterilization 
of various products. 


Reactor Experiments 

So far we have discussed the exponential and critical experi- 
ments of the reactor physicist, the low power and special pur- 
pose reactors—again usually with a predominantly physics bias 
—fcllowing on to the medium and high flux research reactors 
where the metallurgist and the chemist may conduct experi- 
ments under typical conditions of flux, temperature and pres- 
sure. Lastly, we saw the more Specialized application of the 
engineering hot loop experiment where all the previous data 
is combined in the most realistic experiment possible, before 
a complete reactor is constructed embodying the new features 
which these experiments have indicated are feasible. 

According as a new reactor may represent only a modest 
extrapolation from previous experience or a large step involv- 
ing much new and difficult technology so it may be embarked 
upon in varying degrees. Thus, it may be designed as a full 
size power plant or as a prototype of from say 25% to 50% 
full plant size; that is large enough to enable accurate pre- 
dictions to be made about the over-all economics and oper- 
ability of the plant when taken to full size. On the other hand 
it may be undertaken only as a reactor experiment (not to be 
confused with a research reactor or an experiment within a 
research reactor); that is a complete reactor of from, say, 
1 MW to 10 MW in which, perhaps at some sacrifice to 
neutron economy, full heat ratings may be developed and all 
the problems previously studied individually may be seen on 
a reactor scale giving confidence in the subsequent design of 
a full scale or prototype unit. The reactor experiment 
approach, as apparent in the U.S.A. reactor demonstration 
programme, has not yet been necessary on the reactor types 
so far being built for power production in England. The 
Calder Hall reactors are a logical development of the design 
and operating experience of the graphite-moderated gas-cooled 
series starting with GLEEP and BEPO and continuing with 
the Windscale production reactors. The reactor experiment 
will certainly be used in the future and is introduced here as 
the last logical step in a reactor research programme. 
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Les Réacteurs de Recherches de Harwell 


Les réacteurs d’énergie zéro DIMPLE et ZEPHYR dont 
on discutait dans la premiére partie de cette série sont 
complétés par la description du systeéme réacteur rapide 
reproducteur d’uranium ZEUS. Ce réacteur peut fonc- 
tionner jusqu’a une puissance de 100 watts et fournit une 
grande partie de l'information nécéssaire a la construction 
du réacteur expérimental que l'on construit actuellement a 
Dounreay. 

Le premier des réacteurs a flux moyen, GLEEP, a été 
complété en 1947 et a un trou de 20 sur 20 cm, passant a 
travers le réacteur pour éprouver les blocs de production 
de graphite et d’uranium. 

Le plus grand réacteur modéré au graphite, BEPO, qui, a 
été terminé en 1954 fournit un flux de neutrons de 
10'°n/cm*/sec et a prés de 100 trous pour les travaux de 
recherches. Un circuit chaud a été en action depuis deux 
ans éprouvant l’élement combustible et le dispositif de 
refroidissement pour Calder Hall. 

Le réacteur DIDO moderé a l'eau lourde fournira un flux 
de neutrons 100 fois plus grand que celui de BEPO pour des 
expériences plus poussées a grand flux. A cause des incon- 
venients qui résultent de la voursuite de courtes expériences 
en méme temps que des expériences dans le circuit, un 
deuxiéme réacteur, PLUTO, sera terminé en 1957 spéciale- 
ment pour des recherches en circuit chaud. 


Harwell Forschungs Reaktoren 

Die Beschreibung der Reaktoren DIMPLE und ZEPHYR, 
die nicht zur Energieerzeugung dienen und im ersten Teil 
dieser Serie diskutiert wurden, wird vervollstdndigt mit einer 
Beschreibung der Versuchserzeugungsanlage ZEUS, die 
nach dem = schnellen Uranium System arbeitet. Dieser 
Reaktor kann bis zu einer Leistung von 109 Watt gehen 
und dient dazu einen erheblichen Teil der Kenntnisse zu 
beschaffen, die zur Konstruktion des Versuchsreaktors, der 
Dounreay gebaut wird. : 

Der erste der Reaktoren, di mit mittlerem Neutronenfluss 
arbeiten, GLEEP war 1947 fertig geworden und hat ein 
Loch von rd. 200 mm im Quadrat im Reaktor, um die 
Blécke aus Uranium und Graphit, die zur Erzeugung dienen, 
iiberpriifen zu koénnen. 

Der gréssere Reaktor BEPO, der mit Graphit als 
Moderator arbeitet und 1954 vollendet wurde, hat einen 
Neutronenfluss von 10'*n/cm*/sec. und hat an 100 Locher 
fiir Forschungszwecke. Eine Wdarme-Umlaufanlage ist seit 
zwei Jahren zur Priifung der Brennstoffelemente und des 
Kiihlsystems fiir Calder Hall im Betrieb. 

Der Reaktor DIDO, der mit schwerem Wasser als 
Moderator arbeitet, wird einen 100 mal grdésseren Neutronen- 
fluss als BEPO haben zum Zwecke weiterer Experimente mit 
verstarktem Fluss, 

Wegen der Unbequemilichkeiten, die kurzzeitige Experi- 
mente, die mit Umlaufversuchen zusammenfallen, mit sich 
bringen, wird ein zweiter Reaktor PLUTO gebaut, der 1957 
fertig sein wird und speziell fiir Arbeiten iiber Wdrme- 
Umlauf bestimmt ist. 


Reactores de Harwell para Investigaciones 

Los reactores de energia a cero DIMPLE y ZEPHYR 
sobre los que se traté en la primera parte de esta serie se 
complementan ahora con la descripcién del ZEUS, un 
sistema experimental para el fomento rdpido de uranio. 
Este reactor puede funcionar con una potencia de hasta 100 
vatios y estd resultando una de las mayores de informacion 
sobre la que se basa el disento del reactor experimental que 
se esta construyendo en Dounreay. 

El primero de los reactores de flujo medio, el GLEEP, 
se terminé en 1947 y estéd dotado de un agujero de 8 pul- 
gadas cuadradas (51,6 cm.*) que atraviesa el reactor y se 
emplea para la prueba de bloaues de produccioén de grafito 
Vv uranio, 

El reactor mayor, el BEPO, del tipo de amortiguacion 
por grafito, se terminé en 1954 y proporciona un flujo de 
neutrones de 10‘*n./cm./segundo estando dotado de cerca 
de 100 agujeros para estudios cientificos. Desde hace dos 
anos funciona un serpentin caliente para el ensayo del 
elemento combustible y el sistema refrigerante para Calder 
Hall. 

El reactor DIDO, del tipo amortiguado por agua pesada, 
proporcionarad un flujo de neutrones 100 veces mayor que 
el de BEPO para ulteriores experimentos sobre alto flujo. 
Debido al inconveniente de llevar a cabo experimentos de 
corta duracién al mismo tiempo que tienen lugar experi- 
mentos de serpentin, en 1957 se terminard la construccién 
de un segundo reactor, el PLUTO, especialmente para 
trabajos de serpentin caliente. 





78 


NUCLEAR ENGINEERING 





May, 1956 





Measurement of Body Radioactivity 


The Conference was a valuable opportunity for a number of scientists to discuss methods and 
results of measurements of radioactivity deposited within the human body and their application 
to the determination of the biological data required in setting the maximum permissible levels.’ 


CONFERENCE organized by Prof. 

F. W. Spiers and Dr. P. R. J. Burch 
of the Department of Medical Physics, 
under the auspices of the University of 
Leeds, was held at Leeds on April 16 and 
17, to discuss measurements and implica- 
tions of the radioactivity in the human 
body. A total of 12 papers was presented; 
the morning of the first day was devoted 
to three papers on the ionization chamber 
technique, the afternoon was taken up by 
two ‘papers on_ scintillation counting 
methods and the second day was occupied 
by papers with a slightly more biological 
bias. 

B. Hultqyist (Institute of Radiophysics, 
Stockholm) described some of the results 
obtained with the ionization chamber 
apparatus in Sweden. The subject under 
examination is surrounded by 12 long 
ionization chambers filled with nitrogen 
or carbon dioxide at 20 atmospheres pres- 
sure. The ionization current is measured 
by means of a valve electrometer with spot 
galvanometer and photographic recording. 
Because of insufficient space the water 
shielding of the first apparatus’ at the 
Institute of Radiophysics was inadequate 
and absorption of external radiation by 
the subject reduced the ionization current 
more than the radiation from the subject 
increased it. Two further apparatuses of 
the same design have therefore been built 
in a low background laboratory established 
in solid rock just outside Stockholm. They 
are shielded against local y-radiation from 
radioactive materials in the surroundings 
by tanks filled with water from the Thames 
which has a much lower activity than 
Stockholm water. A number of persons 
of both sexes and of varying ages have 
been measured in the equipment and it 
seems that more than 90% of the radiation 
observed is attributable to the naturally 
occurring K 4o in the potassium in the 
body.® The error in a single measurement 
of 3-4 hours duration is equivalent to 
10-° g. radium. By repeated measure- 
ments this can be reduced to about 
2 x 10—*° g. radium equivalent. 

During 1954 and 1955 the apparatuses, 
which are battery operated, were in con- 
tinuous use and they proved remarkably 
stable. In addition to residents of Stock- 
holm, a number of persons from a city 
which has a radium content in the drink- 
ing water about five times that of Stock- 
holm, have been measured. The radiation 
from these persons is about 10% greater 
than that from Stockholmers and_ this 
suggests that if drinking water is the only 
source of the natural radium content of 
the body, the radium content of the Stock- 
holmers is less than 2 x 10—”° g. 

J. Rundo (A.E.R.E., Harwell) described 
the use of the Copenhagen ionization 
chamber apparatus in the study of thorium 
dioxide poisoning. In the equipment used 
the ionization chambers beneath the 
patient have been’ dispensed’ with. 


Although this causes a loss in sensitivity 
the effect of absorption by the subject of 
local y-radiation penetrating the water 
shielding is so slight as not to be detect- 
able. The ionization chambers are 6 ft. 
long and filled with argon at 20 atmo- 
spheres pressure. Four are used to 
measure the activity from the subject; four 
more are connected in opposition with 
these to counter systematic changes in 
cosmic ray intensity giving a differential 
“background” current approaching zero. 
However this “background” is somewhat 
dependent on cosmic ray intensity and 
varies with atmospheric pressure. The 
current is measured by the grid-resistor 
technique using a vibrating-reed electro- 
meter, the output being recorded on a 
Kent Multilec instrument. The mean 
value of the current is determined auto- 
matically by integrating the deflection of 


the recorder with a _ milliampere-hour 
meter. 
Some _ studies have been made of 


naturally-occurring radioactivity in persons 
with no history of contact with long-lived 
y-ray emitting substances. The results have 
been interpreted by attributing all the 
radiation to potassium and gave results*-° 
similar to those obtained by others.*.° From 
the measurements of subjects contaminated 
with colloidal thorium dioxide it is possible 
to determine the burden’ and by reference 
to local measurements made with a scintil- 
lation counter and to measurements with a 
realistic phantom, the distribution of the 
thorium within the body has been studied.® 

P. R. J. Burch (Leeds) described some of 
the basic considerations for body y-ray 
measurements and discussed possible ways 
of extending and improving the ionization 
chamber _ technique. A _ background 
monitor is being built using four shallow 
cylindrical ionization chambers 3 ft. in 
diameter and arranged one above the 
other, but separated by shielding and with 
the top and bottom unshielded. By suit- 
ably connecting chambers in anti-coinci- 
dence, studies will be made of variations 
in natural radiation from above and below 
the apparatus. Depending on the results 
obtained in cancelling out the cosmic 
radiation with this apparatus it may prove 
worthwhile to build an apparatus using two 
large box-shaped ionization chambers one 
above the person with thick walls and con- 
taining gas at high-pressure (20 atmo- 
spheres) and one below the person with 
very thin walls lined with bismuth and 
containing argon or krypton at one or two 
atmospheres. The former would be more 
sensitive to high energy y-radiation, the 
latter to low energy y-radiation. Some 
degree of discrimination of the quality of 
the radiation would thus be possible. The 
ionization due to cosmic radiation would 
be balanced out by similar chambers 
placed above and below the measuring 
chambers, but shielded from them by a 
minimum thickness of lead. 


Burch then described the apparatus now 
being built at Leeds. This will use a liquid 
scintillator contained in tanks 10 in. x 
20 in, x 6 in. deep. Five of these will be 
disposed about the subject sitting or reclin- 
ing in a special chair in a steel shielding- 
room which has been completed. This 
room has internal dimensions 6 ft. x 6 ft. x 
3 ft. wide; the walls are 9 in, thick, the 
floor 12 in. thick, the whole being built up 
from plates + in. thick. A window is let 
into one wall; this is about 2 ft. thick 
and is filled with water, although 
experience may show it to be necessary to 
replace the water by a liquid of higher 
density. 

From measurements of activity of the 
aluminium containers an estimate has been 
made of the background and the response 
to the potassium of a normal person. 
With each tank being viewed by two 5-in, 
photomultipliers and counting only the 
coincidences between the two, a single 15 
minutes observation of the response to a 
person, and an observation of background 
lasting one hour would enable the total 
radiation in the energy range 0.1 to 2.0 
MeV to be determined with a standard 
deviation of 2.5%. The possibility of 
using plastic containers for the liquid 
scintillator is being examined as this would 
reduce both background and attenuation 
of radiation from the subject. 

Although the Leeds ionization chamber 
apparatus’ was not described, most dele- 
gates were able to see it, as well as the 
recently completed steel room. 

E. C. Anderson (Los Alamos Scientific 
Laboratory) described the large liquid 
scintillation counter at Los Alamos which 
developed from the neutrino experiment.” 
A cylindrical shell holds 530 litres of liquid 
scintillator; this consists of 4 g. terpheny! 
per litre of toluene, containing a benzene 
derivative now commercially known in the 
U.S. as POPOP as wavelength shifter, at a 
concentration of 0.1 g./litre. The scintilla- 
tions are viewed by 108 photomultiplier 
tubes with 2-in. diameter cathodes. The 
whole apparatus is shielded by 5-in. lead, and 
the opening at the end is closed by a lead 
plug after the subject has been inserted in 
a canvas sling.’' The prodigious counting 
rates enable a statistical accuracy of better 
than 5% to be obtained in a 100-second 
count on a_ subject. When measuring 
y-rays of energy greater than 1 MeV, all 
the photomultiplier tubes are connected in| 
parallel and the pulses are amplified in a) 
single amplifier and counted with a double 
discriminator, For y-rays of energy les) 
than 1 MeV, the tubes are divided into) 
two banks and are run in coincidence, 
using separate amplifiers and setting the! 
energy band required in each channel| 
The background is stable to better er 
1%, which corresponds to about 5% in the! 
determination of body radioactivity at the 
natural level. k 

When the results of measurements 0 
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humans are plotted as a function of body 
weight there is very great scatter. As the 
energy resolution is poor, it is not possible 
to determine uniquely the contribution to 
the counting rate from possible contami- 
nants. If the counting-rate is plotted as 
a function of “lean-body weight” (derivea 
from the body water content), the scatter 
is much reduced and it is hoped to be able 
to predict the counting-rate due solely to 
potassium, to about 10%. The sensitivity 
to other isotopes emitting hard y-rays is 
then about 10—° curies. 

D. Taylor (A.E.R.E., Harwell) mentioned 
some of the early techniques used at the 
Finsen Laboratory, Copenhagen, before 
the large ionization chamber apparatus 
became available. Two simple methods 
were used for determining the total body 
radioactivity of patients contaminated with 
thorium, using a small scintillation counter. 
This could be placed about | metre above 
the patient, or close to the patient, inte- 
grating over the full body length. Sensi- 
tivity was not a primary requirement, as 
the burdens were of the order of a few 
grams of thorium. 

R. B. Owen (A.E.R.E., Harwell) then 
described the reasons for choosing sodium 
iodide scintillation counters for the appa- 
ratus at Harwell,’ in preference to a liquid 
or plastic phosphor. Initially, at the time 
experiments were started, the sodium 
iodide available had a potassium content 
of about 400ppm., resulting in a_back- 
ground of about 1 count/min./g. of Nal. 

A large lead shield, 4 in. thick, was con- 
structed of standard interlocking lead 
bricks, and four scintillation counters 
using crystals 1} in. diameter, and 2 in. 
thick were fixed to the roof 18 in. apart 
down the centre line. Separate potentio- 
meters were used to control the gains of 
the counters, the outputs being fed into 
a cathode-follower pre-amplifier, standard 
amplifier (over-all gain from photomulti- 
plier anode to amplifier output about 400) 
and scaler. In practice with a gain stability 
of better than 1%, and E.H.T. stability 
of better than 0.1% the counting rate was 
stable to better than 0.1%. 

With this simple arrangement 150 g. 
potassium dissolved in a phantom contain- 
ing 69 litres water produced a 10% increase 
in the background, enabling the natural 
activity of the human body to be deter- 
mined with a standard error of about 10% 
in 10 minutes. The results for other iso- 
topes represent an improvement over the 
ionization chamber apparatus by a factor 
of about 3, but with a measuring time 
of only 10 minutes instead of 2 hours. 

The use of four crystals 44 in. diameter 
x 2 in. thick is planned; these have a much 
lower potassium content and the estimated 
standard error of a determination of body 
potassium is about 3% in 10 minutes. 
Some preliminary experiments have been 
made with Am 241 (59 keV y-rays in 40% 
of the disintegrations) and Pu 239 (17 keV 
X-rays in 4% of the disintegrations) in the 
existing apparatus and the results indicate 
that it may be possible to measure the 
latter at about the level of the maximum 
permissible body burden. The very high 
absorption of these X-rays in body tissues 
will impose a severe limitation on the 
measurement, and calibration will be very 
difficult. 
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L. D. Marinelli (Argonne Laboratories, 
Illinois) was unable to attend the Confer- 
ence because of illness. However, several 
‘delegates, who had seen the apparatus 
which uses a large single crystal of sodium 
iodide, in a steel room with walls 9 in. 
thick, paid tribute to his pioneering work 
in this field. 

W. H. Langham (Los Alamos) discussed 
how urinary excretion studies could be 
used to determine plutonium body burdens. 
Although the excretion rate can be 
expressed as a series of exponential terms, 
the mathematical convenience of the power 
function makes it more useful. The power 
expression has the added advantage that 
it fits the data accurately over long periods. 
Provided that the intake of the plutonium 
is a single incident and the time is known, 
then the burden can be estimated from the 
analysis of a single 24-hour sample of 
urine. When, as is more usual, the intake 
has been over a period of time, the 
burden can be calculated from the results 
of two analyses separated by an appreci- 
able time interval. 

J. B. Hursh (University of Rochester) 
described work on the determination of 
naturally occurring radium by analysis of 
cremation ashes and showed that there is 
only partial correlation with the radium 
content of drinking water, when his results 
are compared with others from regions 
with very low and very high radium con- 
tent in drinking water. This casts doubt 
as to whether the body’s radium comes 
only from drinking water and the results 
of analysis of some foodstuffs indicate that 
about Ivvc. of radium may be eaten daily. 
Using the equation developed by Norris 
et al.’* an intake of Iuuc. radium per day 
for 67 years (the average age of the 
Rochester cases) leads to a retention of 
1.47 x 10-" g. which compares very 
favourably with the analysis figure of 
1.2 x 10-" g. radium. 

H. Muth (Max Planck Institute of 
Biophysics, Frankfurt) described measure- 
ments of normal radium burdens, also 
based on analysis of cremation ashes. The 
earlier measurements of Krebs,’* based on 
z-counting 10 mg. cremation ash, and de- 
emanation of 100 mg. ash, had given 
values for 18 normals ranging from 10-° 
to 4x 10—° (average 1.4 x 10—‘) g. radium. 
Muth’s methods were similar, but were 
made on solutions of the ash prepared in 
a similar manner to that used by Hursh. 

Using ash from the crematorium a total 
radium content of 3.2 x 10—"° g. was 
found, A number of determinations had 
also been made on tissues ashed separately 
at the Institute, and the result was 1.6 x 
10-*° g. radium. Analysis of some food- 
stuffs indicated radium contents similar to 
those reported by Hursh, 

Mrs. M. M. Hindmarsh (Oxford) 
reported autoradiographic determinations 
of radium in human bones from a person 
who had had exposure to radium in his 
employment. From microscopic examina- 
tions of autoradiographs of thin sections 
of bone, and counting the tracks in areas 
of about 100 mm.’ (some 50,000 tracks 
from a ten weeks exposure) the estimated 
burden in the whole skeleton was 0.39ng. 
radium. 

Prof. Spiers described the y-ray activity 
measurements made on larger samples of 
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bone from the same person. From the 
build-up of radon (which could be 


followed quite accurately) the total burden 
was calculated as 0.478 “g. radium, where- 
as at the time of death the retained radon 
indicated 0.166 “g. Thus the radon elimi- 
nated in the breath was 65% of the total, 
comparing well with the value of 70% 
estimated by the group at the Argonne 
National Laboratory. 

A. Schraub (Frankfurt) read an interest- 
ing paper on the contribution to the 
natural radiation dose to the human body 
from radon and its decay products, In 
a closed room the radon content was in 
the range 10—-" to 5 x 10-* curie/litre 
and if the short-lived daughter products 
are in equilibrium with the radon the dose 
to the lungs from this source is in the 
range 50 to 250 mrem./year, assuming a 
relative biological effectiveness of 10. The 
variations in the concentrations of radon 
and its daughter-products with atmo- 
spheric conditions were also discussed, as 
well as the effects of ventilation of rooms 
on the state of radioactive equilibrium. 


W. P. Grove (Radiochemical Centre, 
Amersham) gave the final paper on 
experiences with the measurement of radon 
in the breath of radium workers. Various 
methods have been used in the past, but 
the preferred method now is by scintilla- 
tion counting of the “active deposit.” The 
subject breathes clean air for about 5 
minutes, and then breathes through a 
chamber of about five litres capacity. A 
24 litre sample of the breath is introduced 
into a chamber with a metallized paper 
foil maintained at a negative potential with 
respect to the chamber walls. Ions collect 
on the metal surface and the 2-particles 
which penetrate the paper strike a zinc 
sulphide scintillator deposited on the upper 
(non-metallized) surface. The scintillations 
are detected with a photomultiplier and are 
counted. The over-all efficiency is about 
50%. The preferred method of calibration 
is by means of a gold radon seed; after 
measurement of its y-radiation, it is 
allowed to decay to a sufficiently low 
value and is then fused in a quartz tube. 
The residual radon is flushed into the 24- 
litre chamber and the decay-products are 
collected and counted in the same manner 
as with a breath sample. 
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Physical Society Exhibition 


A preview of some of the items of interest to those engaged in nuclear engineering 
which will be displayed in the Royal Horticultural Society's Halls, London, from May 14 
to 17. The theme of the show is to demonstrate the latest techniques and equipment, 


HE 40th Physical Society Exhibition, 
to be held at the Royal Horticultural 
Halls, Westminster, London, from May 14- 
17, will be opened by Sir John Cockcroft. 
About 120 British manufacturers will be 
taking stand space and many of them will 
be showing items of equipment of interest 
to those engaged in nuclear engineering. 
The following stand-by-stand preview is 
compiled from information received from 
exhibitors. 


Baird and Tatlock (London) Ltd., 
Freshwater Road, Chadwell Heath, 
Essex. 


The Analmatic automatic laboratory 
being shown is not used directly in con- 
nection with nuclear energy, but the com- 
pany has produced a somewhat similar 
model for the analysis of liquors contain- 
ing uranium. Karl Fischer and electro- 
metric titration apparatus will also be on 
view. 


Baldwin Instrument Co. Ltd., Dartford, 
Kent. 


This company will be showing a number 
of instruments of special interest, including 
prototypes of a gamma backscatter gauge 
for measuring the thickness of metals 
where one side only is. accessible. and a 
beta ray thickness gauge as an addition to 
the Automat, which automatically performs 
the checking and standardizing of the 
instrument at pre-set intervals. A gamma 
ray hopver-level controller can be used in 
ore hoppers, oil tanks, etc., and will detect 
the boundary between liquids of signifi- 
cantly different density. Two or more 
units may be combined to obtain discrete 
indication and control at a number of 
fixed levels. 


B.S.A. Group Research Centre, Grey- 
stones Hall Road, Sheffield, 11. 


Filters and filter plates of various designs 
are available in porous stainless steel over 
a wide range of permeabilities and pore 
sizes. The Centre has also developed a 
ball-drilling jig to facilitate the construc- 
tion of accurate crystal-structure models 
using 1-in. plastics balls. 

Ltd., 


British Physical Laboratories 


Radlett, Herts. 


Amongst the range of laboratory and 
production test equipment to be shown will 
be a pulse and square wave generator to 
onerate at a repetition rate of uv to 
100 kc/s. Pulse width can be selected 
at one of 17 values between 40 and 1,000 
millimicrosec, with amplitude variation up 
to 15 
British Thomson-Houston Co. Ltd., 

Rugby. 

Models of liquid-metal pumps will be 
disolaved. A linear induction type is 
designed to deliver 420 g.o.m. at 15 Ib. 
per sq. in. for sodium at 200° C. An A.C. 
conduction pump is suitable for small test 
rigs with bismuth at 500° C; delivery, 
15 g.p.m. at 15 Ib. per sq. in, 


Cambridge Instrument Co. Ltd., 13 
Grosvenor Place, London, S.W.1. 


The’ electrochemical - type dissolved 
oxygen recording outfit to be shown is 
associated indirectly with the utilization of 
nuclear energy in that it is used to record 
the extremely low concentrations of dis- 
solved oxygen in the feed water to modern 
steam turbo-gererating sets. 


A. E. Cawkell, 6-7 Victory Arcade, 
Southall, Middlesex. 


The dekatron trigger generator to be 
shown continuously generates a “ring of 
10” triggers. Each of the 10 dekatron 
cathodes is connected to an exchange 
board, where they may be connected in 
any combination to the three pulse genera- 
tors, and to provide a trigger pulse for 
operating an oscilloscope, The oscillo- 
scope may be triggered from any of the 
trigger pulses feeding the three pulse 
generators via a fixed delay of 0.2 micro- 
sec, So that the leading edge of the pulses 
may be examined if necessary. The three 
pulse generators produce pulses of height 
variable in the range 0 to 100 V, and of 
length 1 to 200 microsec. The outputs 
from the three pulse generators are com- 
bined in a mixer circuit which drives a 
“stacked up” high power cathode follower 
stage. 


Dobbie McInnes Ltd., 191 Broomloan 
Road, Glasgow, S.W.1. 


Improvements to the Farnboro high- 
speed engine indicator include a new dia- 
phragm-type pick-up, a relay, and a low 
pressure recorder with which diagrams can 
be taken having a scale of up to 1 p.s.i. 
per in, 








automatic 


and Tatlock Analmatic 
laboratory with pH and _ absorptiometer 
units, 


Baird 


Ediswan Electric Co. Ltd., 155 Charing 
Cross Road, London, W.C.2. 


This company will be featuring stabilized 
D.C. power supply units. Type R1260 has 
three outputs (0-300 V at 75 mA, 0-300 
V at 75 mA and -200 V at 25 mA), 
type R1280 (0-300 V at 150 mA, 0-300 
V at 75 mA and -200 V at 25 mA). In 
each case the third output can be used in 
series with the first or second to give 
200-500 V at 25 mA. 

A selection from the range of glass-to- 
metal seals will also be shown. These 
include single and multiple seals for use 
on electronic equipment. 


Edwards High Vacuum Ltd., Manor 
Royal, Crawley, Sussex. 


Examples of this company’s range of 
high vacuum rotary and vapour pumps 
will be shown. The model 12E vacuum 
coating plant for shadow casting has been 
improved to eliminate all vibration due 
to the rotary pump. A new type of fre- 
quency calibration unit has been designed 
for the QCE2 coating plant to permit fre- 
quency calibration on a single crystal in 
a small vacuum chamber with conducting 
leads less than 1 in. long. 


Ekco Electronics Ltd., Southend, Essex. 


A wide range of nucleonic equipment 
will be shown, including scintillation 
counters, thickness gauges and thermal 
neutron and radiation monitors. The com- 


pany makes equipment for reactor instru- 
mentation, including reactor period meters, 
meter and 


a power-error a fast neutron 
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Ediswan type R1260 stabilizer power unit. 
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monitor. The thermal neutron monitor is 
a portable battery-operated ionization- 


chamber instrument with three functional 
ranges of 0-0.015 rem./hr., 0-0.15 rem. /hr. 
and 0-1.5 rem./hr. 

Also on show will be the Ekco auto- 
standardization thickness gauge which 
automatically and periodically removes the 
measuring head from the material being 
tested and makes its own adjustments for 
source decay, contamination, amplifier 
drift, and so on. Material can be scanned 
across its entire width and provision is 
made for automatic shut-down on the 
occurrence of fault in the equipment or 
manufacturing process. 


Elliott Brothers (London) Ltd., Century 
Works, London, S.E.13. 


Of particular interest on this stand 
will be an electromagnetic flowmeter for 
the measurement of low rates of flow in 
radioactive nitric acid. The measuring 
head comprises a flow tube, having two 
platinum electrodes moulded in on either 
side, which is suspended between the poles 
of an electromagnet. The magnet provides 
an alternating field with a field strength 
of 5,000 gauss. A high-gain amplifier gives 
a direct indication on a meter or, alterna- 
tively, can be made part of a potentiometer 


recorder. The prototype unit has , been 
designed for rates from 0-400 cm.° per 
minute. 

Ericsson Telephones Ltd., Beeston, 


Nottingham. 

Nuclear reactor instrumentation js being 
featured by Ericsson. This includes a com- 
plete measuring channel with power-level 
meters and servo mechanisms and ampli- 
fiers for positioning the control rods with 
associated limit-position trip mechanism. 

The company js also showing its type 
127 counting equipment, type 121 GM 
counter and type 1368 field ratemeter. The 
scaling unit, type 1221C, will be demon- 
strated in conjunction with a power unit, 
probe and GM ttube arranged as for a 
laboratory assay of radioactive ore. 


Evans Electroselenium Ltd., 
Street, Harlow, Essex. 
The Eel densitometer can be used for 


Potter 








Ekco auto-standardization thickness gauge. 
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the routine checking of film badges for 
monitoring radioactivity. Three apertures 
are available and densities from 0 to 3 
can be read on the logarithmic scale. 


Hilger and Watts Ltd., 98 St. 
Way, London, N.W.1. 


Crystals of sodium iodide activated 
with thallium are grown from the melt and 
can be regularly supplied in sizes up to 
4 in. diameter and 24 in. thick. Larger 
pieces can also be produced. They pro- 
vide an important phosphor for the detec- 
tion of gamma-radiation, and _ the 
uniformity of the Hilger crystals is such 
that they can be used with a pulse-height 
discriminator for gamma-ray spectrometry. 
Both unmounted crystals cut to specified 
sizes and crystals mounted jn sealed con- 
tainers ready for use are available. 


Infra Red Development Co. Ltd., 40 
Tewin Road, Welwyn Garden City, 
Herts. 


This company hopes to show a portable 
infra-red gas analyser for use in detecting 
small holes in castings or welded compo- 
nents. By filling the component to a 
positive pressure with nitrous oxide, leaks 
of the order of 10-* lusec can be detected 
and measured. The anabyser is arranged to 
have a full scale sensitivity of 100 parts 
per million by volume of nitrous oxide. 
From the reading obtained on the analyser 
when the probe is directly over a leak it 
is a simple matter to estimate the leak 
rate, as the flow rate of the contaminated 
air through the instrument is known. 


Pancras 


Isotope Developments Ltd., 120 Moor- 
gate, London, E.C.2. 


Of particular note will be the reactor 
gamma monitor type 1458A and_ the 
reactor shut-down amplifier type 1416A. 
Both have been developed for and in con- 
junction with A.E.R.E. Portable equip- 
including the 
the 


ment is also to be featured, 
instrument: 


1413A geological survey 
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use of transistors throughout and a sensi- 
tive scintillation counter enables the unit 
to be produced in a very compact form. 
The type 580 survey meter is a portable 
battery-operated instrument for measure- 
ment of gamma ray intensity in the range 
of 10 mr./hr. to 500 r./hr. External 
ionization chambers can be connected to 
give beta sensitivity. 

A prototype gamma gauge for thick- 


ness measurement by absorption and 

backscatter will be exhibited. 

Megatron Ltd., 115a Fonthill Road, 
London, N.4. 

Samples of antistatic windows with 


indium oxide as conductor and panels 
coated with bismuth oxide/gold/ bismuth 
oxide layers, laminated and unlaminated, 
as well as cadmium oxide glasses are to be 
shown with up to 90% light transmission 
on and down to 4 ohm. per square 
resistance, 


Mervyn Instruments, St. Johns, Woking, 
Surrey. 

Derived from the Mervyn NPL grating 
spectrometer, the heavy-water analyser to 
be shown uses a ratio recording system, 
the special compensation ensuring a high 
degree of accuracy making it suitable for 
high and low concentrations. 

Portable data-recording and 
equipment will also be shown, together 
with the Mervyn-Harwell square wave 
polarograph with a sensitivity limit of 
2 x 10°M. 


analysis 


Metropolitan-Vickers Electrical Co. 
Ltd., Manchester 17. 


Part of this company’s exhibit will show 
the effects of the irradiation of various 
materials with high-energy electrons. A 
model of the 25 MeV electron linear 
accelerator being built for A.E.R.E. will 
be shown. Prominence will also be given 
to the prototype EM6 electron microscope, 
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K printed circuit connectors by 
Methods Ltd. Caxton Way, 
Stevenage, Herts. 
































Ferranti short nickel delay line forming a 


single-word register with re-circulating 
amplifier and control circuits. (Ferranti Ltd., 
Hollinwood, Lancs.) 


Encapsulated transistor circuits by 
Fortiphone Ltd., 247 Regent Street, London, 
W.1: 10,000 three-transistor “bricks” occupy 

] cu. ft. 





Portable gas analyser for detecting holes in 
castings or welds by Infra Red Development. 
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a high resolution instrument for reflection 
and transmission microscopy, and micro- 
diffraction and stereo-microscopy. High 
vacuum pumps and vacuum-coating plant 
will be on view. 


Muirhead and Co. Ltd., Beckenham, 
Kent. 
This company will have on show 
examples of synchros made to American 
Bureau of Ordnance specifications. These 


servo and remote control elements are 
similar to magslips but smaller. At 
present, the range comprises sizes 15 and 


18 control transmitters and control trans- 
formers, size 18 control differential trans- 
mitter and size 18 servomotor. These 
elements are for 115 V. 400 c/s. operation. 


Murex Ltd., Rainham, Essex. 


At this exhibition, Murex are showing 
their pure tungsten, molybdenum, _tan- 
talum, niobium and zirconium products. 
As well as rod, sheet and wire, many fab- 
ricated items in these metals will be dis- 
played, together with drawn tubes in tan- 
talum, niobium and zirconium. Drawn 
molybdenum tubes are also _ being 
developed and will be available shortly. 
The main exhibit will be an annealing 
furnace with parts fabricated in tungsten 
and molybdenum. Seam welded tantalum 
tubes and condensers can now be fabri- 
cated and examples are to be shown. 
Zirconiated tungsten electrodes for argon 
arc welding are also being exhibited. 
These electrodes give increased freedom 
from weld contamination. 


Nash and Thompson Ltd., Chessington, 
Surrey. 


Thallium activated halide crystals are 
now available and are to be shown accom- 
panying additions to the range of plastic 
phosphors. Of particular interest is the 
new X-ray scintillator which has been 
developed in conjunction with Dr. E. H. 


Belcher of the Institute for Cancer 
Research. 
Panax Equipment Ltd., 173 London 
Road, Mitcham, Surrey. 
The radiation detector TR33 to be 


: 
, 





Panax TR33 battery-operated radiation 
detector. 
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exhibited is a robust battery- operated unit 
weighing 34 and measuring 7 in, x 
2 in. x 44 in. Transistors are used to 
develop the stabilized 400 V needed by the 
geiger counter and to amplify the result- 
ant pulses. The company will also be 
showing their mains-operated ratemeter 
and universal lead castles. 


Plessey Co. Ltd., Ilford, Essex. 


Instruments and components in process 
of development will be exhibited: these 
include a magnetic store drum, single- 
crystal memory cell and a selection of 
ferrite components for microwave, mag- 
netostrictive and digital storage applica- 
tion, The store drum has been produced 
for use in pay-roll computers. It has a 
linear packing of 80 bits an inch and a 
total capacity of 224,000 bits. 

New types of Castanet tantalum electro- 
lytic capacitors spanning a range of 50 
mE., 70°V,. DiC. to. "750 aE. 3 V, DG., 
and very small in size will also be shown. 


Salford Electrical Instruments Ltd., Silk 
Street, Salford, 3. 


Interesting features of this exhibit will 
be a series of linear function sub-miniature 
potentiometers and miniature 7 mm. 
selenium and copper oxide rectifiers. A 
single unit of the smallest of the potentio- 
meters measures only # in. dia x 4 in. long. 
The rectifiers, shown in bridge and half- 
wave assemblies, are suitable for currents 
of 0.5, 1, 2.5 and 5 mA 


Standard Telephones and Cables Ltd., 
10 Essex Street, London, W.C.2. 


For the first time the company will be 
showing a range of industrial type spindle- 
mounted rectifiers, The selenium plates 
are either square or rectangular and deposi- 
tion of the selenium is carried out by a 
vacuum evaporation process in a special 
plant, giving greater uniformity of plate. 


Sunvic Controls Ltd., 10 Essex Street, 
London, W.C.2. 
The Mark II pulse height analyser, an 


instrument for the analysis of a complex 
pulse amplitude spectrum into groups of 


known height according to their voltage 









(Right) Magnetic 
store drum devel- 
oped by Plessey. 
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(Right) Sunvic 100- 
channel pulse height 


(Left) Linear func- 
tion 
potentiometer by 
Salford 

Instruments Ltd. 
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amplitude, is now jn full-scale production 
and will be shown and demonstrated. 

This version differs from the original 
design in that it displays 100 channels with 
a storage capacity of just over 16,000 
counts per channel. 

Also to be shown is a purely experimen- 
tal piece of equipment—the analogue to 
digital converter. This demonstrates one 
method of converting D.C. voltages into 
numerical form suitable for recording by 
an electrically operated typewriter. 


Townson and Mercer Ltd., Beddington 
Lane, Croydon, Surrey. 

The S.200 thermostat bath to be shown, 
is, the makers claim, so accurate that it is 
being used for the measurement of radio- 
activity by calorimetry. A new small 
giove box is also being exhibited. The 
dry box is maintained at any predeter- 
mined negative pressure by the combined 
filter, suction pump and control unit: the 
standard Harwell radioactive filter is 
incorporated. 


U.K. Atomic Energy Authority. 

The item which will, no doubt, attract 
the most “general” interest on this stand 
will be the reactor simulator as used at 
the Harwell Reactor School. Working 
demonstrations will be given. 

Other items from Harwell will include a 


helium-3 spectrometer for measuring 
medium-energy neutrons, a_ two-crystal 
scintillation spectrometer for analysing 


mixtures of gamma emitters, and a pulse 
polarograph in which the dropping mer- 
cury electrode js held, most of the time, at 
constant potential. 

A.W.R.E. is represented by several 
devices. A laundry monitor will be shown, 
for checking laboratory clothing for low- 
level alpha particle contamination. Fast 
neutrons in the range 0.5 to 20 MeV. can 
be monitored by a portable scintillation 
unit of high sensitivity. 

There will be a “pocket-size” transis- 
torized dosimeter charger, portable transis- 
torized gamma monitor and gamma 
compensated beta monitor. 

The Radiochemical Centre will be repre- 
sented by a display showing the industrial 
applications of beta ray sources, 


sub-miniature 


Electrical 








analyser. 
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World News 











For the irradiation of specimens at the new Rideal Laboratories the cobalt-60 source is 
driven through the curved pipe into the centre of the circle of test tubes. 


INTERNATIONAL 


United Europe? The action committee 
for a United States of Europe which was 
to have met on April 5 has postponed its 
meeting to await the report of M. Spaak 
on a European common market, which was 
not ready. Discussions were to begin, 
however, at the end of April. 


O.E.E.C. Council. Mr. Christan C. 
Howe, Secretary of the Atomic Energy 
Office, of the United Kingdom, and M. 
Pierre Guillaumat of France have been 
appointed vice-chairmen of the special 
nuclear committee of the Council of the 
Organization for European Economic 
Co-operation. The Committee, whose 
chairman is Professor Leander Nicolaides, 
held its first meeting on March 27. 


NATO agreement. NATO headquarters 
released on April 10 the information that 
by an agreement signed in Paris in March 
member countries will release information 
on atomic energy matters for the use of 
the organization. The agreement came 
into force on March 29, 


Eastern Joint Institute. In a statement 
quoted by Tass Mr. Mieczyslaw Lesz, leader 
of the Polish delegation at the recent Mos- 
cow talks attended by 11 countries, not only 
averred that the eastern joint institute for 
nuclear research recently formed would 
Start work immediately, but was at some 
pains to draw disparaging comparisons with 
the projected West European atomic 


research laboratories at Geneva. 


Washington conference. The twelve- 
nation Atoms for Peace conference met in 
Washington on April 9. The charter 
drafted by the 12 nations will be placed 
before an international conference to be 
held in New York in September. 


Radiological conference. The _ Inter- 
national Commission on radiological units 
completed their discussions on April 10. 
Soviet representatives were present for 
the first time. Topics under discussion 
were the standardization of radiation 
measurements and tolerance levels for 
patients and operators for the 70 radio- 
isotopes discovered since its last meeting. 
Levels which had previously been laid 
down will be reviewed. The World Health 
Organization’s study group on radiological 
units for protection got together on the 
following day. Representatives of Great 
Britain amongst the 40 delegates included 
Dr. Walter Binks, director of the British 
Radiological Protection Service, and Sir 
Ernest Rock Carling of the Home Office. 


W.H.O. Report. At the ninth World 
Health Assembly which will open in 
Geneva this month, Dr. Candau of Brazil, 
director-general of W.H.O., will present 
the annual revort for 1955. In this he 
states that the organization now has its 
own programme for the training of health 
workers in nuclear energy installations. 


A Scandinavian committee, comprising 
Denmark, Sweden, Norway, Finland and 
Iceland, for nuclear research and co-opera- 
tion. The governments are also reported 
to be considering participation in other 
international organizations, 
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GREAT BRITAIN 


Calder Hall trials. Loading of uranium 
into the Calder Hall reactors began during 
the week beginning April 16. This operation 
will be taken slowly as considerable testing 
of each channel must be made before 
other channels can be dealt with. It is 
not expected that the reactor will be critical 
for some weeks yet, but it is expected that 
low power trials will have begun in June 
and that the whole station will have been 
running under test some time before the 
opening by the Queen on October 17. The 
proposed visit by Marshal Bulganin and 
Mr. Krushchev on April 26 was cancelled. 


Radiation research laboratory. The 
President of the Royal Society, Sir Cyril 
Hinshelwood, opened the new research 
laboratory of Monsanto Chemicals Ltd., 
at Newport, Mon., on April 17. The 
laboratories are named the Rideal Labora- 
tories in honour of Professor Sir Etic 
Rideal, F.R.S., ex-president of Monsanto 
Chemicals Ltd., and have been built for 
the investigation of new methods of 
improving products and manufacturing 
processes. One of the most important 
departments is that which will investigate 
the effect of nuclear radiations upon a 
variety of materials and processes. 

The irradiation building houses a 100 
curie cobalt-60 source, but screening of 
concrete has been constructed to enable 
work to be carried on with 500 curies of Co 
60 and 1,000 curies of Cs 137. The present 
source is mounted in a metal cylinder 
5 in. by | in. dia.; mounted on a flexible 
steel cable it can be moved by remote 
control into the working space at the back 
of the concrete cube where experimental 
apparatus has been set up. Access is 
found through heavy steel doors with 
interlocks to prevent accidental exposure 
of the staff. The activity in working areas 
is closely monitored and an automatic CO: 
extinguishing system operated by fusible 
links has been installed against fire hazard. 


Industry to aid science teaching. Sir 
Graham Savage, chairman of the board of 
Building Education, Mr. D. B. Briggs, Mr. 
W. F. Bushell and Mr. A. G. McKimmie 
have agreed to act as assessors and tech- 
nical advisers to the industrial fund for 
the advancement of scientific education in 
the schools. More than 90 companies 
have responded to the appeal to assist 
science teaching in independent and direct 
grant schools. The target originally laid 
down by the fund was £34 million and 
since November a total of £2,900,000 has 
been subscribed. It is hoped that an 
appeal to be launched shortly will bring 
in the outstanding amount. 


Dorset establishment. Although not 
welcoming the possibility of a new estab- 
lishment on Windfrith Heath in Dorset, 
the Wareham and Purbeck Rural District 
Council have decided to raise no objections 
to the present proposals. Discussions are 
still tentative but it is likely that water 
supplies would be obtained from an under- 
ground source near West Stafford and that 
effluent would be pumped out to sea at 
Arish Mell. It is not expected that any 
firm decisions will be taken for some 
months, 
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Fordness. The Ministry of Supply's 
weapon testing range at Fordness in 


Suffolk is to be converted for the use of 
the U.K.A.E.A.’s Weapons Branch for the 
development of instrumentation in con- 
nection with nuclear weapon trials. The 
work of this establishment will be largely 
electronic in nature, devoted to improve- 
ments in radar techniques. 


Patent rights action. Philips Electrical 
Ltd., Century House, Shaftesbury Avenue, 
London, have issued a writ against the 
Atomic Energy Authority for alleged 
infringement on patents originally taken 
out by five Italian scientists to cover the 
slowing down of neutrons by hydrogenous 
materials to increase the efficiency of pro- 
ducing radio-isotopes. The original group 
concerned with the patent were Fermi, 
Rasetti, Segré, Amaldi and Pontecorvo. 
Trabacchi and D’Agostino were also 
included as shareholders in a_ private 
agreement organized by, and _ includ- 
ing, Gabriello Giannini who was the 
original filer of the patent and of 
the suit against the United States Govern- 
ment on August 21, 1950. The compensa- 
tion asked for in this suit was $10 million, 
a figure vastly exceeding that which the 
holders of the patent hoped to get. The 
disappearance, however, of Pontecorvo to 
Russia caused the withdrawal of the suit 
and a final settlement of $350,000 was 
made by the United States Government. 

Rights for the United Kingdom have 
been transferred to Philips who have been 
conducting negotiations tor some time. 


AUSTRALIA 


Mary Kathleen mine. In the course of 
the next three years about £2 million (Aus- 
tralian) will be spent in developing the 
Mary Kathleen deposits in North-West 
Queensland. The Rio Tinto Co. of Great 
Britain has already commenced building 
Operations three miles from the mine to 
house more than 1,000 people. It is under- 
stood that the company will spend Af£1l0 
million to bring the mine into production 
by 1959. The U.K.A.E.A, has agreed to 
buy UO: to the value of A£40 million. 


CANADA 


Chalk River laundry reconstruction. 
Work is proceeding on the reconstruction 
of the laundry plant at Chalk River which 
was destroyed by fire at the beginning of 
February. Estimated loss is in the region 
of $300,000 but the A.E.C. secretary has 
stated that there will be no hold-up to 
production and that although a consider- 
able amount of damage was done no 
one was injured and no hazard from 
radioactivity resulted. 


Uranium companies were due to com- 
plete contracts with Eldorado Mining and 
Refining Co, for a supply of uranium in 
chemical precipitate form by the end of 
March. It is felt that some companies 
will not have been able to meet this dead- 
line but no extension has been officially 
announced. Companies that have been 
delayed may consider production at the 
original price of $7) a Ib. for 10% con- 
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centrate UOz. At present all Canadian 
contracts for uranium expire at the end 
of March, 1962, but it is expected that 
production by that time will have totalled 
a billion dollars. The value of the agree- 
ments held by the eight companies, known 
to be producing uranium under contract, 
is in the region of $700 million and it is 
expected that arrangements have now been 
completed for a further $150 million. 


Trail plant shut-down. Doubts are being 
expressed on the advisability of closing 
down the Trail plant which the Govern- 
ment has announced is too expensive to 
maintain. Canada js able to buy heavy 
water from the United States at a price of 
$28 a lb. whereas heavy water from the 
Trail plant costs around $60 a Ib. There 
seems to be some divergence of opinion 
between the Government and Atomic 
Energy of Canada Ltd. of the extent that 
Chalk River has been dependent upon the 
Trail output—the Trade Minister, Mr. 
C. D. Howe, having stated that Chalk 
River did not buy any heavy water from 
Trail. The NRU experimental reactor 
now nearing completion will require about 
50 tons of heavy water, a figure which is 
equivalent to about 6 years output of the 
Trail plant. Nevertheless Canadians are 
not quite happy that they should be 
entirely dependent on the United States 
for future supplies. 


BRAZIL 


A 10-MW reactor ordered.—In_ the 
next four years the government of Brazil 
intend to encourage an increase in the 
installed electrical capacity of the country 
by three to five thousand MW including 
a 10-MW nuclear reactor. The President 
of the American and Foreign Power Cor- 
poration has announced that his company 
will erect a plant in Sao Paulo. A contract 
for the supply of this reactor has been 
provisionally awarded to Babcock and 
Wilcox of New York. 


A 5,000 kW research reactor is to be 
built by an American company at the 
Atomic Energy Institute of Sao Paulo 
University. The U.S.A.E.C. will give about 
$350,000 towards the cost and will lease the 
necessary fuel. 


CHILE 


Uranium exploitation. A two-year agree- 
ment between Chile and the U.S.A. for the 
joint prospecting of radioactive minerals 
in Chilean territory was signed on April 
20. The necessary equipment and instru- 
ments will be supplied from America. 


CZECHOSLOVAKIA 


. The official news agency Teceka has 
reported that preparatory operations have 
begun for the receipt of an experimental 
reactor from Russia. The site selected for 
the station is on the bank of the River 
Vitava, near Prague. It is expected that 
the reactor will be in operation by the 
beginning of 1957. 
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EGYPT 


Radioactive materials laboratory. With 
the help of four scientists from the Soviet 
Union work will begin shortly on the con- 
struction of a laboratory to handle radio- 
active materials. In exchange for Egyptian 
cotton and other products the Soviet Union 
has announced that she is prepared to 
build a complete power station and to 
assist in the prospecting of the desert for 
uranium deposits, also to take an active 
part in the big development schemes that 
are now on hand. 


FRANCE 


Aircraft propulsion. Chief air engineer 
Raymond Marchal is to direct the new 
branch which is being set up by the French 
State Aircraft Authority. The purpose 
of this branch will be to investigate and 
develop reactors systems and engines suit- 
able for aircraft propulsion. 


GERMANY 


A centre for nuclear research is to be 
built in West Berlin by the city govern- 
ment. 15 million DM (about £1; million) 
is to be put aside for this purpose and the 
centre will take the form of either a muni- 
cipal institute or a private foundation. 


Industry may own fuels. The Atomic 
Energy Commission and the Atomic 
Ministry are to place before the Federal 
Parliament a bill which will permit indus- 
trial concerns to own fissile material. It 
is proposed that state supervision should 
be exercised over the trade in uranium and 
plutonium and that imports should be sub- 
ject to licences to be issued by the Frank- 
furt Federal Office for Industry although 
exemption is considered for uranium and 
thorium ore. There appears to be some 
opposition to the proposals, notably by 
the trade unions who are demanding a 
system similar to that in force in the 
United States and the United Kingdom. 


Independent action demanded. Germany 
is likely to press for the right to conclude 
bilateral agreements with other countries in 
the next discussions on EURATOM. 


Insurance problems. Talks have been 
taking place between the Federal Insurance 
Advisory Board and West Germany Insur- 
ance companies concerning the insurance 
problems of establishments dealing with 
experimental and power reactors and 
radioactive isotopes. It is expected that 
the insurance of such establishments will 
be made obligatory under the new bill and 
the proposal has been made that claims 
exceeding D.M. 50 million should be borne 
by the state. 


ISRAEL 


Power projects. Interest is mounting in 
Israel in reactor projects for power genera- 
tion. 


plants will be under construction within 
10 years. Dr. Bergmann, who is chairman 
of Israel’s Atomic Energy Commission has 
recently completed a tour of the United 
States atomic energy installations. 


Dr. Ernst Bergmann has stated that | 
for reasons of economy nuclear power 
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JAPAN 


Trade Fair. Twenty-one countries took 
part in the International Trade Fair which 
opened in Osaka on April 8. Four hundred 
foreign companies took part, and, whereas 
the United States took over 400 booths and 
Western Germany nearly 100, Britain’s 
contributions could only cover 31 stands. 
The Soviet Union withdrew at the last 
moment. Whilst the Fair is of a general 
nature considerable interest has _ been 
expressed in the possibilities of nuclear 
reactors in Japan. 


NORWAY 


Nuclear-propelled tanker. The _ first 
phase of a study by the Institute of Atomic 
Energy and the Ship Research Institute 
of Norway has been completed, it deals 
with the technical and economic problems 
involved. Operational, safety and legal 
questions will now be examined. A fast 
ship is envisaged—from 16 to 24 knots 
and it is considered that in the first 
instance boilers and steam turbines will 
be adopted rather than gas turbines. It 
is suggested that the first nuclear-propelled 
tanker might be built within the next five 
years. 


Heavy-water output.—Norsk Hydro, 
Norway's largest industrial firm, which is 
planning to invest £26,500,000 in the next 
six years in building new plants, stated 
last month that the company’s output of 
heavy water is sold for the whole period 
up to 1959. It is added that the decision 
of the United States to sell 129 tons of 
heavy water to countries abroad at a low 
price would not, therefore. have any 
immediate consequences for Norsk Hydro. 


SOUTH AFRICA 


Lectures on prospecting. A team from 
the U.K.A.E.A. is to give lectures and 
demonstrations to promote prospecting for 
uranium in Southern Rhodesia. The 
Minister of Mines, Mr. Cyril Hatty, has 
stated that in the past 12 months 12 exclu- 
sive prospecting orders have been granted, 
involving expenditure of £198,000. 


SWEDEN 


Ship propulsion. The Swedish Ship- 
building Research Foundation (Skepps- 
byggnadsteknisk Forskning), Gothenburg, 
H., has decided to make a survey of the 
information at present available concern- 
ing the possibilities of the use of nuclear 
propulsion for merchant ships. A com- 
mittee was set up by the Research Board 
of the Foundation last October, The sub- 
ject has been divided into sections which 


are being investigated separately by 
members of the committee. 
U.S.A. 


Ford award. To further the applica- 
tion of atomic energy to veaceful purposes 
the Ford Motor Co. has set aside $1 million 
to provide an annual cash award of up to 
$75,000 for the person or body making 
the greatest contribution to the peaceful 
uses of atomic energy. The fund was set 
up by the three grandsons of the founder 
of the Ford Motor Co. inspired by Presi- 
dent Eisenhower's “atoms for peace” plan. 
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Qualifications have not been specifically 
Stated but the award will be open to 
workers in the field irrespective of country 
of origin. The chairman of the award 
committee is Dr. James Killian. 


Nuclear-powered tankers. Mr. Clarence 
Morse, chairman of the Federal Maritime 
Board, has announced that two major oil 
companies have offered to build two 
38,000-ton tankers, if the United States 
would pay for the nuclear power unit. 
Each hull would cost of the order of 
£25 million and it is expected that the 
power unit would be in the region of 
£3,750,000 as compared to a conventional 
unit of £1 million. Mr. Morse had pre- 
viously announced that four American 
companies were prevared to build and 
install nuclear propulsion units in a 
merchant vessel by the middle of 1959. 
Interest had been expressed in a more 
advanced type of unit for installation at 
a later date. The Commission has asked 
for systems which “apvroach the ultimate 
goal of producing a_ nuclear-propelled 
tanker which is commercially competitive.” 
The United States Government is consider- 
ing the proposition. 


Power programme. A total of 15 power 
reactors are scheduled for completion in 
the United States by 1962 with a generat- 
ing capacity of nearly 1,000,000 kW. The 
total cost of these reactors will be of the 
order of $500 million. This figure 
includes reactors which are at present in 
the design stage only but it is probable that 
the final figure will exceed the present 
estimate. 


Conference at Rochester. Three Soviet 
delegates were amongst the 200 top level 
scientists attending the Rochester Univer- 
sity’s annual High Energy Nuclear Physics 
Conference which opened on Aoril 3. 
Representatives of 18 countries are discuss- 
ing matters not on the secret list. Dr. 
Peierls, of Birmingham University, will 
act as interpreter for the Russian 
representatives. 


High-energy accelerators. Soviet-Ameri- 
can rivalry was shown in the recent state- 
ments on plans for large high-energy 
particle accelerators. A 10-BeV accelerator 
is being built in Moscow but plans were 
announced for an accelerator with strong 
focusing capable of accelerating particles 
up to an energy of 50-BeV. The United 
States on the other hand is contemplating 
a 100-BeV unit in which it is proposed to 
accelerate not only the bombarding par- 
ticles but the target as well. The largest 
accelerator operating at present is the 
6-BeV machine at the University of 
California. 


Colombo Plan reactor. Following on the 
United States agreement at the last 
Colombo Plan meeting in Singapore to 
construct a nuclear research station for 
Asian scientists, eight leading authorities 
have left for Rome en route to Manila. In 
the meantime, two other scientists have 
gone ahead to make plans for their arrival. 
The Rome call was to discuss the project 
with representatives of American foreign 
aid, returning from the Far East. 
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U.S.S.R. 


Moscow radio has announced that 
Russia will build a nuclear power station 
with a capacity of 400,000 kW. The 
building has already begun but informa- 
tion is not yet avajlable on the expected 


date of completion. Estimates are in 
the region of mid-1959 or earlier. 
A Central Administration for atomic 


energy has been set up. It will be res- 
ponsible for the design of reactors for 
electricity generating stations and other 
power installations, research into the 
application of nuclear energy, and co- 
operation with other countries. Mr. Efim 
Pavlovich Slavsky has been appointed head 
of the Administration. 


Trade Notes 


Atoms, Electrons and Industry exhibition 
is to be held by the electronics section of 
the Scientific Instrument Manufacturers 
Association at the Royal West of England 
Academy, Bristol, from June 6-8. Its aim 
is to acquaint industrialists with the pro- 
gress being made in the development and 
applications of nucleonic and electronic 
instruments. Twenty-nine companies are 
participating, in addition to the U.K.A.E.A. 
and Bristol University. The show will be 
opened by Professor C. F. Powell of 
Bristol University. 

Admission is by invitation only, and 
applications for tickets should be made to 
S.I.M.A., 20 Queen Anne Street, London, 
W.1. 


A new factory for the Dowty group of 
companies has been opened at Ashchurch, 
Gloucestershire. Mr. S. Morrison, 
Speaker of the House of Commons, per- 
formed the opening ceremony on April 6. 
Constructional work and facilities have 
cost £4 million. 


English Steel Corporation Ltd., 
announces that approval has been received 
from the Iron and Steel Board for the first 
stage of the development of a site at 
Tinsley Park, Sheffield. This scheme, 
estimated to cost £15 million, provides for 
the erection of open hearth melting fur- 
naces and heavy forging plant. Facilities 
will also be made available for the produc- 
tion of steel castings heavier than those 
now manufactured at the Corporation’s 
Grimesthorpe works. 


Welding courses for engineers, super- 
visors and inspectors are run by Quasi- 
Arc Ltd., Bilston, Staffs. The next course 
which lasts three weeks. commences on 
June 11. A further course begins on 
Augusf 27. 


Richardsons, Westgarth and Co. Ltd. 
have announced the formation of a separ- 
ate company to be called Richardsons 
Westgarth Atomic Ltd. with a capital of 
£250,000 to undertake the studies and 
developments for the group in atomic 
energy. The group supplied more cargo 
ship horse-power in 1955 than any other 
group in the United Kingdom. The com- 
pany has also announced their interest in 
land-based power plants. They expect to 
be able to benefit from the experience of 
the British Shipbuilding Research Associa- 
tion team which has been working at 
Harwell for some time. The chairman of 
the new company is Mr. Harry Fothergill 
and the registered offices will be at the 
group’s London office, at 56 Victoria 
Street, S.W.1. 
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A new mass-production and galvanizing 
technique has been evolved by the Teeside 
Bridge and Engineering Works Ltd., 
Middlesbrough, for the manufacture of 
10,000 tons of steelwork for Blaw Knox 
cable towers to be used on the 275 kV 
grid. The company is also to supply and 
erect 2,600 tons of special steelwork for 
the Springfields factory of the A.E.A. 


Export sales conference of the Brush 
Group Ltd. was held at Wadham College, 
Oxford, from April 4 to 7. The 80 dele- 
gates comprised overseas directors and 
representatives and sales ‘and _ technical 
executives from the Group’s manufactur- 
ing subsidiaries in Britain. 


Amber Oils Ltd. has been formed as 
a subsidiary of the Amber Chemical Co. 
Ltd., lla Albemarle Street, London. W.1. 
to handle the entire oil side of the original 
company. Special purpose and industrial 
cutting oils form the main output. These 
include Sulfloid, Clearoid and Automa 
straight cutting oils, and Accool soluble 
cutting oil. Mr. G. F. Flatow. and Mr. 
H. N. Wigan. directors, will be closely 
associated with the activities of the new 
company. 


Vitro Corvoration of America, in its 
annual report for 1955, announce a net 
income of $437,856, compared with 
$271,758 in 1954. 


The merger of two American companies. 
Atomic Instrument Co. and Baird Associ- 
ates Inc. has been agreed, subject to formal 
action by their boards of directors, and 
approval by shareholders. 


High Voltage Engineering Corp... Cam- 
bridge, Massachusetts, makers of Van de 
Graaff and linear particle accelerators, 
report a peak year in sales and earnings 
for 1955. Orders received totalled over 
$4,700,000, more than 24 times those for 
any previous year. The companv is build- 
ing an 86.000 sq. ft. factory at Burlington 
which will have 16 radiation vaults for 
testing completed units. 


General Dynamics Corporation made 
consolidated net earnings of over $21 
million in 1955. In his report to share- 
holders. Mr. John Jay Hopkins, president, 
emphasized the achievements of the Cor- 
poration in 1955. These included the 
launching of the second nuclear-powered 
submarine, the Seawolf, and the laying of 
the keel of the Skate; progress with the 
Convair-built reactor for aircraft; and the 
activation of the General Atomics Division 
with an initial appropriation of un to $10 
million for a research laboratory at San 
Diego where work on the development of 
more efficient and economical reactor 
systems is already in hand. 
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U.S. Hoffman Machinery Corporation 
has entered the nuclear energy field by the 
purchase of a majority interest in Anton 
Electronics Laboratories, Inc., of Brooklyn, 
N.Y. According to Mr. H. Marcus, presi- 
dent of U.S. Hoffman. the Anton concern 
will operate as an independent subsidiary 
with Mr. N. G. Anton, its founder, 
continuing as president. 


Personal 


It is with deep regret that we announce 
the death at the age of 47 of Mr. Norman 
Charles Robertson, C.M.G., M.B.E., deputy 
managing director of E. K. Cole Ltd. and 
a director of Ekco Electronics Ltd. 


We also regret to announce the death 
of Mr. Vernon Young, F.C.1.S., director of 
International Combustion (Holdings) Ltd., 
and chairman of its subsidiaries Inter- 
national Combustion Ltd., International 
Combustion Products Ltd. and Riley (IC) 
Products Ltd. 


Rear-Admiral Sir Edward Rebbeck, 
K.B.E., C.B., has been appointed an addi- 
tional member of the board of directors 
of Vickers Nuclear Engineering Ltd. 


Sir Rowland Smith, M.I.Mech.E., 
announced at the annual general meeting 
of the Ford Motor Co. Ltd. on Aoril 20 
his resignation from the chairmanship of 
the company. He is however to continue 
as a director. Sir Rowland is 68. 


Air Chief Marshal Sir John Nelson 
Boothman, K.C.B.. K.B.E., D.F.C.. A.F.C. 
F.R.Ae.S., joined the board of Kelvin and 
Hughes Ltd. as technical sales director on 
Mav 1. 


Sir Bernard Keen. D.Sc.._ F.Inst.P., 
F.R.S.. and Mr. A. G. P. Powell. B.A.. 
have been elected to the board of Baird 
and Tatlock (London) Ltd. Mr. W. C. 
Johnson, M.B.E.. F.R.I-C.. and Mr. H. N. 
Ricketts, B.Sc., A.C.G.F.C., F.R.1.C., have 
been elected to the board of Hopkin and 
Williams Ltd., an associated company. 


Sir Ben Locksveiser, K.C.B.. F.R.S., has 
joined the board of Tube Investments Ltd. 
and has been appointed scientific adviser 
to the Tube Investments group. 


Mr. Michael H. L. Lewis has been 
elected a director of Crompton Parkinson 
Ltd. Mr. Michael Parkinson has been 
appointed an executive director. Mr. T. H. 
Windibank has resigned from the board. 


Mr. J. E. Smith has been appointed as 
from May 1 deputy managing director of 
the North Eastern Marine Engineering Co. 
He has resigned from the board of 


Richardsons Westgarth (Hartlepool) Ltd., 
where he is succeeded by Mr. R. E. Mate. 


R. S. Medlock. 





Mr. J. H. Pennington. 
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Both companies are members of the 
Richardsons Westgarth Group. 


Mr. H. R. Walton, B.Sc., sales manager 
of Fisher Governor Co, Ltd., has been 
appointed a director. 


Mr. Reginald S. Medlock. B.Sc.. 
A.R.LC., A.M.LE.E., A.M.I.Mech.E., head 
of the Kent research and development 
department, has been appointed to the 
board of George Kent Ltd. 


Mr. James T. Hill, jun., a partner in 
William A. M. Burden and Co., and Mr. 
Nathan R. Owen, a partner in J. H. 
Whitney and Co., have been elected to the 
board of the Nuclear Development Cor- 
poration of America. 


Mr. W. B. H. Gallwey has been elected 
chairman of British Acheson Electrodes 
Ltd., Sheffield. He succeeds Sir Arthur 
Matthews, O.B.E. 


Mr. J. G. Boddy has been appointed 
manager, turbine contracts department, of 
the British Thomson-Houston Co. Ltd., 
in succession to Mr. C. K. Bird, who has 
taken up consultative duties with the 
company. 


Dr. A. M. Smith has been appointed 
senior physicist in the nuclear power group 
of Rolls-Royce Ltd. For the vast five 
years he has been with the Industrial 
Group of the Atomic Energy Authority. 


Mr. W. T. Shelton, A.M.I.E.E., has been 
appointed as the Chief Development 
Engineer for Measuring Instruments 
(Pullin) Ltd. Mr. T. A. C. Moorhouse has 
been appointed as Northern Area technical 
representative for the company. 


Mr. J. H. Pennington has been appointed 
manager of Technical Ceramics Ltd., of 
Towcester, Northants. For the past two 
years Mr. Pennington has been in charge 
of special products at the pilot plant of 
the chemical and metallurgical division of 
the Plessey Co. Ltd. 


Mr. W. R. Daniels has been appointed 
production engineer for 20th Century 
Electronics Ltd. 


Wing-Commander J. M. Aiton, chairman 
and managing director of Aiton and Co. 
of Derby, left England on April 15 for a 
35,000 miles world business trip. He will 
visit the company’s Australian subsidiary 
and the new works at Port Elizabeth, 
South Africa. 


Sir John Cockcroft, director of the 
Atomic Energy Research Establishment, 
Harwell, left London on Saturday, April 
21, for New York on his way to Washing- 
ton for a conference with United States 
and Canadian scientists to review classifica- 
tion of atomic research information. 





Mr. W. R. Daniels. 





Ss - = =>» fm 6 © | - 


<_as |O oO 


-_- 


ef om =" CO 


== © SF & oO 


@ 








le 


re 
fr- 


es 
ur 


of 
i 
as 
he 


ed 
Ip 


al 


en 
nt 
its 
as 


ed 
of 
VO 
ge 
of 
of 


ry 


“ill 
ry 
th, 


he 


ril 
1g- 
tes 


~a- 


yn. 








May, 1956 


NUCLEAR ENGINEERING 





87 


Technical Papers and Publications 


INSTITUTE OF METALS 


Papers presented at the spring meeting of 
the Institute at Church House, Great Smith 
Street, London, S.W.1, on April 11, 1956. 


Metallurgical Research and Develop- 
ment for Nuclear Power by H. K. Hardy, 
D.Sc., Ph.D., A.R.S.M., A.1.M. (Research 
Manager, U.K.A.E.A., Springfields Labora- 
tories) 


Current fuel elements may be classified 
into three types: (1) those in which bars 
or slabs of the fuel provide the strength, 
in a weak can, (2) those with a strong 
canning material which supports the bars 
or slabs of the fuel, and (3) those in which 
the fuel is present as small discrete particles 
distributed throughout a non-fissile matrix. 

In every case good heat-transfer charac- 
teristics are of prime importance, and the 
fuel may be bonded to the can in order to 
reduce the temperature drop at the fuel/ 
can interface. Whether the fuel be bonded 
or unbonded, the dimensions must be 
closely controlled so that the fue] is a good 
fit in the can and the weight of uranium 
in each element accurate. Results suggest 
that irradiation damage in canning 
materials and graphite is not very serious. 

Cycling a cylinder of cast uranium in a 
radial heat flux generally brings about a 
diametrical expansion and a longitudinal 
contraction, Although there is not com- 
plete correspondence, it is believed that 
materials unstable under thermal cycling 
will also be unstable under irradiation. 

Absolute stability of the fuel under 
irradiation may eventually be less import- 
ant than the ability to predict in detail the 
changes that will occur, a situation which 
has not yet been reached. The fullest 
possible stability of the fuel is the present 
aim, so that the limited information on 
the behaviour under irradiation may be 
extrapolated more confidently to the burn- 
ups required from fuel elements for 
nuclear-power reactors. Stability of the 
dimensions, physical and mechanical 
properties, and a knowledge of the changes 
in nuclear properties under irradiation are 
all very important. 

Research and development on fuel ele- 
ments must aim at higher operating tem- 
peratures and increased life under irradia- 
tion, complete reliability, and ease of 
fabrication. Satisfactory solutions to fuel- 
element problems must be provided also 
on the appropriate dates in the construction 
programme of each power reactor. 


Metallurgical Research in Nuclear 
Power Production by J. G. Ball, B.Sc., 
F.I.M. (Metallurgy Division, A.E.R.E., 
Harwell) 


The range of metals of special interest 
in nuclear energy is described, and an 
account is given of the features of reactors 
which influence metallurgical problems. 
These problems are divided into the head- 
ings: (1) irradiation stability, (2) thermal 
stability, (3) sheathing materials, (4) corro- 
sion, (5) fabrication, and (6) alloying and 
physical properties. After an exhaustive 


account of the swelling characteristics of 
uranium outlining the theories that have 
been propounded as explanation, the paper 
goes on to discuss methods of restricting 
the growth. 

In the United States a direct approach 
has been made to the problem by mechani- 
cally inhibiting the swelling by enclosing 
the fuel in a strong can. In addition three 
other possible ways of restraining the fuel 
exist. The first is the so-called “dis- 
persed’’-type fuel element, in which the 
fissile particles are distributed discretely 
throughout a non-fissile matrix. The 
second exploits the characteristic property 
of certain micro-structures of exerting what 
has been termed “internal restraint.” A 
further possibility is by a non-uniform 
distribution of alloying element through 
the cross-section of an element. Alloys 
likely to withstand irradiation damage 
because of their high strength (e.g., 
uranium-12 wt.-% molybdenum alloy) con- 
tain more alloying element than is desirable 
for neutron economy in power reactors, 
and this militates against the use of 
homogeneous alloys of this type for fuel. 

There are already firm indications that 
ceramics will behave better under irradia- 
tion than metals, but development of their 
use is likely to depend upon the availability 
of fissile material because of their lower 
effective fissile density. In the second and 
third stages of the power programme this 
objection will be much less important, and 
the application of ceramic fuels will be 
much more extensive. 

The instability of fuel elements due to 
the thermal conditions within a reactor 
are discussed under four main headings: 

(1)Chemical or diffusion interaction 
between fuel and can. 

(2) Mechanical interaction between the 
can and fuel on repeated thermal 
cycling. 

(3) Repeated thermal cycling of the fuel. 

(4) Thermal stressing caused by tempera- 
ture gradients. 

For fabrication there are several fields 
where new processes and methods of 
approach would be useful. At present 
there is much interest in “integral” can- 
ning, in which the fuel and sheath are 
completely bonded together, thus eliminat- 
ing fusion welding. 

Powder-metallurgy methods offer a flex- 
ible and elegant means of fabrication. 
Direct extrusion of powders at high tem- 
peratures has given good-quality solid 
metal. An extension of this method to 
form cermets by chemical reaction of the 
components in situ has been found to give 
metallurgical structures which could not 
otherwise be obtained, e.g., the uranium/ 
uranium-carbide cermet. Two other, 
closely allied, fields of fabrication study 
are consumable-arc melting and welding. 


Selection of Canning Materials for 
Reactors Cooled by Sodium/Potassium 
and Carbon Dioxide by A. B. McIntosh, 
PRbD., Se. FRC. ARTCC. FEM. 
and K. Q. Bagley, Ph.D., B.Sc. (Head of 
Culcheth Laboratories, 


U.K.A.E.A. and 


Principal Scientific Officer, _Dounreay 
Laboratories, U.K.A.E.A. respectively) 


Liquid-metal cooling is preferred in any 
reactor for which the core is designed to 
be relatively small and the heat rating of 
the fuel high. In such reactors, the can 
should be capable of supporting the fuel 
and resisting the attack of the fuel and 
coolant at steady temperatures up to, say 
800°-900° C. It is also essential that the 
container should resist the attack of 
uranium at temperatures much higher than 
the average operating temperature, and 
probably above the melting point of the 
fuel, 

The predictions, concerning probable 
uranium compatibility, made from the 
theoretical assessment were confirmed by 
the experimental work: 

(1) The resistance to attack by uranium 
of elements forming eutectic systems 
with that metal is negligible above 
the eutectic temperature. 

(2) The heavier elements may be used to 
contain liquid uranium for limited 
periods, the resistance to attack 
decreasing in the order: tungsten, 
tantalum, niobium, zirconium, 
titanium, molybdenum. , 

(3) The resistance of the elements to 
alloying with solid uranium increases 
in the order molybdenum, titanium, 
zirconium, niobium, tantulum, 
tungsten, the last two elements alone 
showing no signs of reaction below 
the melting point of uranium. 

(4) Of all the elements examined, tung- 
sten is the one most nearly inert to 
uranium, and future developments 
of fast reactors designed to increase 
the temperature of the fuel/can inter- 
face or to use liquid alloys may 
depend upon the preparation of pure 
tungsten in a form capable of fabri- 
cation. The excellent resistance to 
solution of tantalum may be offset 
by its liability to intergranular pene- 


tration by liquid uranium and 
consequent loss in mechanical 
strength. 

(5) Magnesia and alumina coatings 
applied to susceptible materials 


effectively prevent attack by uranium. 

(6) Strengthening of container materials 
must be achieved by alloying with 
suitably compatible metals rather 
than by gaseous treatments that 
produce solutions of oxygen, carbon, 
or nitrogen, 

The results of static tests indicate that 
all the materials initially considered suit- 
able.as fuel-element containers are com- 
patible with sodium-potassium alloy. 
Corroboration for this view should be 
sought in tests carried out under dynamic 
conditions, in which the effects of mass 
transfer may become apparent. 

Turning to gas cooling the result of tests 
similar to those described under sodium/ 
potassium-cooled reactors show that mag- 
nesium, zirconium, niobium, and molyb- 
denum are effectively inert to uranium up 
to 600° C. 
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Also it has been found that: 

(1) Aluminium, magnesium, stainless 
steel, and zirconium possess an oxidation- 
resistance adequate to permit their use in 
carbon-dioxide-cooled reactors operating at 
400° C. 

(2) At 500° C only aluminium and 
stainless steel are certain to possess the 
necessary Oxidation-resistance. 

(3) The deposition of carbon on mag- 
nesium and stainless steel as a result of the 
catalytic decomposition of carbon mon- 
oxide may introduce complications in 
reactor operation, which should be investi- 
gated further in a dynamic system. 

(4) The presence of moisture accelerates 
oxidation by carbon dioxide under pres- 
sure, but the magnitude of the increase in 
corrosion rate is not sufficient to cause 
concern. at 400° C. 


INSTITUTION OF 
' MECHANICAL ENGINEERS 


Paper presented for publication with 
written discussion. 


Heat Transfer in Pipe Flow at High 
Speeds by J. E. Bialokoz, M.A., M.Sc., 
Ph.D., A.M.I.Mech.E. and Professor O. A. 
Saunders, M.A., D.Sc.(Eng.). (Oxford Uni- 
versity, and Professor of Mech. Eng., 
Imperial College respectively) 

Measurements have been made of adia- 
batic friction and of heat transfer for air 
flowing in pipes at speeds up to 1.6 times 
that of sound for conditions closely 
approaching established pipe flow in the 
range of Reynolds numbers R=1.24 to 
4.35X10°, free stream air temperatures 
To=190° to 286° K, and wall to free 
stream temperature ratios Tw/Tp=1.08 to 
1.73. 

The heat transfer results agreed within 
+5% with the formule derived in the 
paper, and frictional] data were some 4% 
above. These were obtained by a method, 
first suggested by von Karman (1935), of 
allowing for compressibility effects by re- 
placing, in formule for incompressible 
fluids, the fluid properties computed at 
bulk temperature by those at wall tempera- 
ture, and then transforming to terms of 
these properties at bulk temperature, using 
the laws of variation of physical properties 
with temperature as obtained from N.B.S.- 
N.A.C.A. Tables (1949-50). 

Separate tests were made of the heat 
transfer in the presence of a plane shock- 
wave in the heated length of the test pipe, 
and the values of Stanton number were 
found to be up to 30% higher than for 
shockless flow. A subsonic test with a 
similar adverse pressure gradient over the 
heated length also showed considerably 
increased heat transfer. 


B.N.E.C. 


A symposium on Nuclear Reactor Con- 
trol under the auspices of the Institution of 
Electrical Engineers in conjunction with 
the British Nuclear Energy Conference 
was held at the Institution, Savoy Place, 
London, W.C.2, on April 5, 1956, Four 
papers were presented for discussion. 
Nuclear - Reactor - Control Tonization 
Chambers by W. Abson, B.Sc., A.M.1LE.E., 
and F. Wade (A.E.R.E., Harwell) 

The paper describes the design and the 
electrical characteristics of a neutron- 
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sensitive d.c. ionization chamber suitable 
for a wide range of applications in nuclear- 
reactor-control instrumentation systems. 
Thermal-neutron sensitivities of 10—'° to 
10—“* amp./n./cm.*-sec. can be obtained 
using boron trifluoride filling or boron- 
coated electrodes with hydrogen filling. 
The corresponding y-radiation sensitivities 
are of the order of 10—'* to 10—"? amp./r/ 
h. Virtually complete collection of the 
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lined, and examples are given of instru- 
ments and circuits which conform to this 
basic code. 

The philosophy of failure to safety in 
shut-down instruments has resulted in the 
development at Harwell of two new circuits 
for excess-flux-level instruments, which 
have a high inherent degree of failure to 
safety should an instrumental fault occur. 
The first is shown schematically in Fig. 1. 
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Type RC/I1 ionization chamber with steel distance piece shrouded in aluminium by the 
Al-Fin process (Abson and Wade). 


ionization current is possible, up to neutron 
flux levels of 10° n./cm.*-sec., with a 
polarizing voltage of a few hundred volts. 
The residual current due to  neutron- 
induced activities in the chamber falls to 
less than 10—° times the full-power neutron 
current some 20 minutes after shut-down. 

The siting of ionization chambers has 
an important bearing on their range of 
utilization in  control-instrumentation 
systems, and this is discussed briefly in 
relation to the electrical characteristics of 
the chambers described. 

The ionization chambers used for the 
measurements described in the paper were 
manufactured by Vacuum Industrial Appli- 
cations, Ltd. The Al-Fin bonded compo- 
nents were supplied by Wellworthy, Ltd., 
and the boron dispersion in white spirit by 
Acheson Colloids, Ltd. 


The Control and Instrumentation of a 
Nuclear Reactor by A. B. Gillespie, B.Sc. 
(A.E.R.E., Harwell) 


The control and instrumentation of 
nuclear reactors is a rapidly developing 
subject which is becoming of ever-increas- 
ing importance to a growing body of 
instrument engineers. Many of the prob- 
lems of instrumental design are common 
with other industrial plants and follow 
conventional lines. Some, however, are 
more specialized, and arise principally 
from the radioactive nature of the reactor 
and its unusual dynamic behaviour. The 
paper presents a survey of the over-all 
instrumentation of a typical research 
reactor, Emphasis is placed on the less- 
well-known problems of measurement and 
control, and to assist in their understanding 
a brief account is given of the mode of 
operation of a nuclear reactor, and a short 
section on reactor kinetics is also included. 
The types of instruments in present-day 
use are described, and indications are given 
of their shortcomings. New developments 
are briefly reviewed. The paper concludes 
with a section on reactor safety. The 
philosophy of safety-circuit design is out- 


The principle of the second circuit is 
shown in Fig. 2. This comprises a high- 
gain A.C. amplifier with a phase-sensitive 
rectifier and a polarized relay connected to 
the output, The input to the amplifier is 
an alternating voltage obtained by mecha- 
nically chopping the difference between a 
reference voltage defining the trip or shut- 
down level and the voltage across the 
ionization-chamber load resistor. 
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Fig. 2. A.C. shut-down amplifier circuit 
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Some Design Aspects of Nuclear- 


Reactor Control Mechanisms by G. E. 
Lockett, A.M.1.Mech.E. (A.E.R.E., Harwell) 


The paper outlines some of the practical 
design problems associated with the engi- 
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neering of control mechanisms in nuclear 
reactors. Safety is emphasized in all the 
design aims, and examples are given of 
some of the systems in use at Harwell. 
The scope of the paper is limited to control 
mechanisms for low and moderate-power 
experimental reactors, although some of 
the problems which will be met in future 
power-producing reactors are mentioned. 
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The Control of Nuclear Reactors by 
R. J. Cox, B.Sc., and J. Walker, M.A., 
A.M.1.E.E. (A.E.R.E., Harwell) 


The physical principles of nuclear 
reactors which affect the design of their 
control and instrumentation are described. 
Data are presented for the kinetic behaviour 
of the neutron flux for reactivity changes 
in a variety of reactor types. The nuclear 
Teactions inherently produce various 
nuclides, and the effects of these on reactor 
control and operation are discussed. These 
nuclides include the delayed-neutron 
emitters, which cause a slowing down of 
the reactor kinetic response; 8 and y-emit- 
ters, which continue to produce heat for 
a long time after the neutron reactions 
producing them have been shut down;. and 
the fission-product poisons. Reasons are 
given for the system of neutron-flux 
instruments normally used, and details are 
given of the principles of design of the 
various types of instrument. 
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ROYAL SOCIETY OF HEALTH 


Papers presented to the Society (90 
Buckingham Palace Road, S.W.1) at the 
annual congress at the Blackpool Winter 
Gardens, April 24-27. 


Ionizing Radiation: a Problem in Occu- 
pational and Public Health by A. S. 
McLean, M.B., Ch.B., D.I.H. (Principal 
Medical Officer, U.K.A.E.A., Industrial 
Group) 


In less time than it takes to educate a 
child to the standard required for entrance 
to a grammar school, nuclear energy has 
graduated to early maturity in a number of 
full-scale projects for the production of 
power. Largely missing in this rapid evo- 
lution, or at least greatly contracted, has 
been the phase of adolescence, and this has 
led to a certain degree of imbalance 
between the technical capacity of the 
industry and its maturity as a society. 
Caution and suspicion have been the 
natural reactions of society to the changes 
and the crux of the situation today is the 
need to accept atomic energy as an essen- 
tial part of the background to our lives, to 
understand its problems and eventually to 
invest it with the atmosphere of tradition. 

Radiation exposure is by no means con- 
fined to radiation work and the general 
public are exposed to radiation, beyond 
the normal background, through the X-rays 
in hospitals and in_ shoe-fitting, for 
example, and from luminous-dial watches, 
projection television and high altitude flight. 

The Atomic Energy Authority spends 
about £50 per employee annually on the 
running costs of its health and safety 
services, but the economic situation today 
appears to demand very careful considera- 
tion of all expenditure, and in this context 
it indicates the need to practice radiation 
protection as a science and an art and so 
to modify it to match the needs of each 
particular situation. 

Because the general public do not enjoy 
the same quality of specific health super- 
vision as members of atomic energy estab- 
lishments the various maximum permissible 
levels are reduced by factors of 10 and 
more, when they are applied to problems 
in public health, so that an unconditional 
guarantee of safety can be given. Thus, 
in the disposal of contaminated effluents, 
for example, the permissible levels are 
fantastically small. 

According to the best estimate available, 
the total radiation dose of genetic signifi- 
cance received by the population of this 
country as a result of the activities of the 
atomic energy industry is less than 0.1% 
of the natural radiation dose, and it is far 
less than the dose resulting from X-ray 
diagnostic procedures, for instance, and 
about equal to the total dose resulting from 
the wearing of luminous watches. 


The Control of Health Hazards from 
Radioactive Materials by H. J, Dunster, 
B.Sc., A.R.C.S. (A.E.R.E., Harwell) 


The paper deals with the increasing use 
of radio-isotopes in hospitals and industry 
and discusses the methods used for the 
safe handling of the materials—tongs, shield- 
ing, remote control and “limited time.” It 
concludes with an analysis of the official 
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bodies concerned with radiation protection 
in the United Kingdom. 

The first of these is the Medical Research 
Council, which operates a Radiobiological 
Establishment. The M.R.C. also has a 
permanent committee working on the 
fundamental problems of protection against 
ionizing radiation, whilst many of the more 
practical problems are considered by a 
statutory committee set up under the 
Radioactive Substances Act (1948). Jointly 
with the Ministry of Health, the M.R.C. 
now runs the Radiological Protection 
Service centred at Downs Nursery Hospi- 
tal, Cotswold Road, Sutton, Surrey. This 
organization supplies a comprehensive 
advisory and monitoring service to users 
of radiation and radio-active materials in 
hospitals and industry. Also associated 
with the use of radiation in industry is the 
Ministry of Labour and National Service, 
whose factory inspectors are concerned 
with administration of the Factories Acts. 

Two other government departments are 
concerned with the problems of waste dis- 
posal: these are the Ministry of Housing 
and Local Government and the Ministry 
of Agriculture, Fisheries and Food. Under 
the Atomic Energy Authority Act (1954), 
the establishments of the Authority can 
dispose of radioactive wastes only in 
accordance with authorizations issued by 
these two Ministries. The disposal of such 
waste by other users of radioactive mate- 
rials is Jess straightforward, as they are 
bound by the terms of such Acts as the 
Public Health Act (1936), the Drainage of 
Trade Premises Act (1937) and the River 
(Prevention of Pollution) Act (1951). The 
present procedure, in cases where the waste 
is to be discharged to the ordinary sewers 
or drains, reauires the producer of the 
waste to obtain permission to discharge it 
from the appropriate local authority, which 
is bound to consult interested bodies, such 
as river boards. In cases of difficulty, an 
appeal can be made to the. Ministry of 
Housing and Local Government. 


Catalogues 


Neoprene Notebook and Facts about Hypalon— 
Monthly technical and industrial bulletins on Du 
Pont Neoprene synthetic rubber and MHypalon 
synthetic-rubber ozone-resistant coating. Obtainable 
from the U.K. distributors, Durham Raw Materials 
Ltd., 1-4 Great Tower Street, London, E.C.3. 

CIBA Information 1—1956—This issue contains 
the report of the managing director, Dr. R. 
Kippeli, to the general meeting of shareholders on 
March 28. CIBA Ltd., Basle, Switzerland. 

Design for Blowing—Describing the latest range 
of Plannair blowers, with outputs ranging from 
20 c.f.m. to 280 c.f.m. Plannair Ltd., Windfield 
House, Epsom Road, Leatherhead, Surrey. 

Belark Technical Notes, No. 1.—Describes an 
application of aluminium soldering in the fabri- 
cation of small watertight boxes. Belark Tool and 
Stamping Co. Ltd., 9 Carnaby Street. London, 
W.1. 


Wiggin Nickel Alloys, No. 38.—Contains articles 
on high-pressure heaters for steam power stations 
and on machines for measuring creep. Henry 
Wiggin & Co. Ltd., Wiggin Street, Birmingham, 16. 

Oil Refinery, Chemical and Industrial Engineering 
—Comprehensive catalogue of the activities of the 
Matthew Hall group. It includes details of work 
done for atomic energy establishments, process 
pipework, plant erection, heat pumps, uranium 
plant, homogeneous lead burning, and welding. 
Matthew Hall and Co. Ltd., 26 Dorset Square, 
London, N.W.1. 

Alco Products Review, Winter 1956.—Contains 
an article on the U.S. Army Package Power 
Reactor. Annual Report 1955. Alco Products 
Inc., Scheneclady 5, New York, U.S.A. 
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Processes and Equipment 


Small High-Capacity Blowers 


The new Plannair range of air blowers 
comprises eight models available as single- 
or multi-stage versions. The smallest 
model weighs only 8 oz., measures 4 in. 
long and has a maximum flange diameter 
of 23 in. The blade-tip diameter is 1.35 in. 
Running at 20,000 r.p.m. it delivers 
20 c.f.m. at 1 in. water gauge at the design 
point, 

The type 2PL 81 is a single-stage blower 
designed for use in electronic equipment. 
The air delivery at sea level is 45 c.f.m. at 
0.25 in. w.g. Type 2PL81-118 is a gear- 
driven axial-flow blower in which a rotor 
speed of 8,500 r.p.m. is obtained from a 
totally enclosed hysteresis type motor 
operating on 115V, 50 c/s, single-phase, 
at 3,000 r.p.m. The delivery is 22 c.f.m 
at 0.34 in. w.g. 

Amongst the larger models there is the 
6-in. blade diameter type 6PL121-141 
delivering 280 c.f.m. at 0.5 in. w.g. and 
a two-stage, 250 c.f.m. model. 

The makers are Plannair Ltd., Windfield 
House, Epsom Road, Leatherhead, Surrey. 
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This Plannair single-stage axial-flow blower, 
weighs 11 oz. and delivers at 45 c.f.m. 


Waveform Generator 

The latest Servomex low-frequency 
waveform generator, type L.F.51, provides 
a wide variety of waveforms covering 
periods from one millisec. to 1,000 sec. 
Square waves, triangular waves, sawtooth 
waves and pulses are available, whilst a 
selector switch gives a total of 18 different 
waves by continuous repetition, single 
sweep, double sweep or complete cycle. 
The peak-to-peak output voltage swing is 
divided into six ranges: 0-1.5 mV; 0-15 
mV; 0-150 mV; 0-1.5 V; 0-15 V; and 
0-150 V. The method of amplitude 
control employed allows the upper and 
lower limits of the excursion to expand 
symmetrically about the selected “centre 
voltage.” 


The D.C. level of the output signal is 
also variable between —75 V and + 75 V. 
This is an important feature in pulse 
output, the limits of the excursion being 
fixed regardless of the waveforms selected. 


The makers are Servomex Controls Ltd.. 
Crowborough Hill, Jarvis Brook, Sussex. 








Type L.F.51 Servomex low-frequency wave- 
form generator. 


Automatic Isotope Loading 

The Lamson Engineering Co. Ltd., Hythe 
Road, London, N.W.10, has brought out 
an application of their well-known air 
tube handling system for the automatic 
loading of isotopes. An electro-magnetic 
device in the carrier closes the lid when 
the source reaches the bottom of the 
carrier, simultaneously releasing the stop. 
allowing the loaded carrier to move 
through the system. The device may be 
used to load isotopes at a central station 
for distribution to a number of distant 
points. 


Mullard GM Tubes 
Two new Geiger-Muller tubes have been 


introduced by Mullard Ltd., Century 
House, Shaftesbury Avenue, London. 
W.C.2. Both have been designed to give 


long life (minimum number of counts, 
10,000 million) and to operate on stan- 
dardized working voltages; further, any 
tube of a type is a direct plug-in replace- 
ment for another. 

Type MX 123 is a mica end window 
tube, the thickness of the window being 
only 1.5 to 2.5 mg./cm.° It is suitable 
for measuring very low energy radiation, 
such as that from carbon-14. Another 
feature is the low level of background 
counts, which are as few as 10 per minute 
in conventional lead castles. 

The liquid sample tube, type MX 124, 
is of conventional design and is available 
with or without ground-glass stopper. 














Mullard GM tubes: liquid-sample type MX 124 
(top) and mica end window type MX 123. 


(Right) The new Timeg Fury protective clothing of nylon, 
Neoprene-sprayed. The helmet is in similar material with 


Perspex window. 
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One of a battery of five special cast-iron 
vessels made for the U.K.A.E.A. by Widnes 
Foundry and Engineering Co. Ltd., Widnes, 


Lancs. The vessel has an outside diameter 
of 5ft.8in. is 6 ft. 3in. high and weighs 
about 28 tons. 


Protective Clothing 

The Fury boiler suit is a lightweight 
garment of Neoprene sprayed on a nylon 
base. It has been designed and proofed 
to give protection against radioactive dusts 
as well as acids, oils, fumes, etc. It is 
sewn throughout with Terylene thread and 
all seams are electronically welded. 
Double fastening is used at the front with 
a full-length zip inside and stud fasteners 
outside. Double arms and legs are also 
incorporated, so that the outer ones can 
fit over gloves and boots. 

The makers are Timeg Ltd., 338-341 
Upper Street, Islington, London, E.1. 
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New Piston Valves 

Air-operated piston valves have been 
developed by Richard Klinger Ltd., Sidcup, 
Kent, for service with steam and water and 
in the process industries with acids, oils, 
solvents and a wide variety of chemicals. 

The valve is sealed by two resilient pack- 
ing rings which are closely compressed 
around a finely ground and lapped piston. 
Only the top valve ring is in contact with 
the piston when the valve is open. In the 
smaller sizes of valve, the piston is solid 
and no gland packing is necessary; in the 
larger sizes the piston is hollow and 
balanced, necessitating the provision of a 
gland packing, 

The construction lends itself to operation 
by a double-acting air cylinder, the recom- 
mended air supply being at 70 p.s.i. 


Processes and Equipment 


at the B.I.F. 

In an exhibition of so wide a scope as 
the recent B.LF. it could not be expected 
that, apart from the U.K.A.E.A.’s own 


. stand, any exhibitor would display products 


exclusively devoted to nuclear engineering. 

A fair number, however, had items on 
show that have some direct or indirect 
applications. Few, if any, could be termed 
new but some are worth mentioning. 

Part of the exhibit of the English Steel 
Forge and Engineering Corporation Ltd., 
Sheffield, was given over to a _ pictorial 
display illustrating the manufacture of 
heavy mild steel rolled plate and _ its 
machining and fabrication for such pro- 
jects as the Harwell cyclotron, the Liver- 
pool synchrocyclotron and the Calder Hall 
reactor. 

Aiton and Co, Ltd., Derby, who have 
supplied much special pipework to the 
A.E.A., showed examples of austenitic steel 
steam pipe and 16-in.-bore, 18-in.-O.D. 
pipe, plain bent to 7 ft. 6 in. radius. The 
company also showed examples of their 
large-bore bellows-type steel expansion 
joints and their Uniload adjustable pipe 
support. 

Heat exchangers were shown by Serck 
Radiators Ltd., Warwick, Road, Birming- 
ham 11, whilst an associated company, 
Serck Tubes Ltd., featured high-grade 
non-ferrous condenser tubes. 

The equipment made by W. Canning and 
Co. Ltd., Great Hampton Street, Birming- 
ham 18, for electroplating, polishing, and 
other metal-finishing processes, is used on 
a considerable scale by the A.E.A. and 
other organizations concerned with nuclear 





(Above) E.M.I. distributed amplifier Type 2 with input and output 
impedances of 75 ohm and 200 ohm respectively. 


(Right) Canning bright nickel plating installation. 
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energy projects. Their main exhibit at 
Castle Bromwich was a bright nickel- 
plating installation comprising vat, filter, 
and heat exchanger as a single unit. 

The continued demand for _ feebly- 
magnetic ore-separating equipment promp- 
ted Rapid Magnetic Machines  Ltd., 
Lombard Street, Birmingham 12, to intro- 
duce a laboratory version of their O.G. 
separator. The production-scale version 
can be used for selective separation of up 
to six closely related feebly magnetic 
minerals in one passing. 

Rotating-band water screen of the type 
exhibited are being supplied for Dounreay 
by F. W. Brackett and Co. Ltd., Colchester, 
Essex, who have also quoted for the 
supply of similar screens for the Bradwell 
and Berkeley power stations. 

Amongst the many companies showing 
pumps which can be used for a variety of 
duties in nuclear energy projects, mention 
may be made of the British LaBour Pump 
Co. Ltd., 109 Blundell Street, London, N.7. 
Their type BG vertical pumps and hori- 
zontal self-priming models have been used 
by the Authority, the duties including the 
handling of radioactive effluent. The 
company has also developed an austenitic 
alloy of low carbon content of great resist- 
ance to corrosion under oxydizing and 
reducing conditions. Known as K26 it 
can be welded and machined in a manner 
similar to that of 18/8 stainless steel. 

Another pump manufacturer—Dawson, 
McDonald and Dawson Ltd., Ashbourne, 
Derbyshire—showed a range of oil-free 
air and vacuum pumps for closed-circuit 
work. Electrically driven, the diaphragm- 
type compressor incorporates flat steel 
valves and a built-in surge chamber. 

The Darlington Insulation Co. Ltd., 
38 Great North Road, Newcastle-upon- 
Tyne 2, is a contracting organization for 
insulation and their stand high-lighted the 
thermal insulation at Calder Hall with a 
model of the reactor vessel showing the 
materials and thicknesses used. Magnesia 
and magnesia-based insulation materials, 
and a pure silica fibre, resistant to temp- 
eratures up to 1,000° C and chemically 
inert, were shown by associated companies. 

The chemical section at Olympia pro- 
vided some interest. Peter Spence and 
Sons Ltd., Widnes, Lancs, reported that 
their activated alumina is being used in 
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A cup-type automatic water screen made by 
F. W. Brackett and Co. Ltd. 
pelleted form for drying the heat transfer 
gas at Calder Hall. Fullers’ earth or 
montmorillonite is being used in the treat- 
ment of radioactive effluent by ion 
exchange methods. It has also been 
Suggested that tagged clay spheres would 
provide a convenient form for handling 
radio-isotopes, and that contaminated 
steelwork could be cleansed by wiping 
with a fullers’ earth paste (The Fullers 

Earth Union Ltd., Redhill, Surrey). 

Joseph Crosfield and Sons Ltd., Warring- 
ton, showed the part played in industry by 
the silicates of sodium and _ potassium. 
Silicate liquor is used as a corrosion inhibi- 
tor in the main water cooling circuit at 
the Capenhurst establishment. 

One of the Fisons Ltd., group, Whiffen 
and Sons Ltd., North West House, Mary- 
lebone Road, London, N.W.1, featured 
EDTA and Hydrazine. EDTA is useful 
for general decontamination, for non- 
corrosive soldering fluxes, and caesium salts 
of EDTA are used for scintillation counters. 
The company also supplies sodium iodide 
and zinc bromide. 

Amongst the instruments, E.M.I. Fac- 
tories Ltd., Hayes, Middlesex, showed their 
new distributed amplifier Type 2B. The 
maximum input voltage is 12.5 Vpp. and 
output 150 Vpp. The band width is from 
50 c/s to 100 Mc/s. The phase response 
is substantially linear over the pass band 
and the gain is X 12. 
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Patents Reviewed 


B.P. 742,929. Phosphors. J. H. Grimes. 
To: U.K. Atomic Energy Authority. 
Plastic phosphors used in scintillation 

counters for detecting nuclear radiations 
should be free from bubbles, from internal 
stresses, transparent to their own fluores- 
cence and machinable into special shapes. 
A dry polymerizable substance yielding a 
transparent polymer of the desired optical 
qualities (styrene) is mixed with a dry com- 
pound capable of scintillating in the 
presence of nuclear radiation (1:1:4:4- 
tetraphenyl buta-1 :3-diene). Dissolved 
gases are removed by cooling in an 
evacuable vessel, which is then evacuated 
and cooled to a_ low _ temperature 
(—80° C). As soon as crystals form, the 
pressure is reduced to about 3 mm. Hg. 
When solidification is complete a warm- 
ing step follows and two more cooling and 
warming steps. Finally polymerization is 
carried out in a thermostatically controlled 
bath at a continually rising temperature 
and is complete after 294 hours. 


B.P. 742,933. Polymeric substances. A. 
Charlesby, To: U.K. Atomic Energy 
Authority. 

B.P. 732,047 describes a treatment of 
polythene, polystyrene and_ polyvinyl 
chloride in a thermal nuclear reactor to 
decrease the solubility of the substances in 
organic solvents. In this specification, 
polythene is loaded with carbon black (5% 
to 50% by weight) and.is then subjected 
to ionizing radiations to increase its 
mechanical strength. A rod formed from 
polythene with 10% carbon black, enclosed 
in an aluminium can was irradiated in a 
reactor at a power level of 3.5 megawatts 
and having a thermal neutron flux of 
about 10’° thermal neutrons/cm*-sec. for 
one day. The product showed an increased 
tensile strength as compared with the 
unirradiated product. 


B.P. 743,449. Method of determining earth 
formations. A. S. McKay. To: Texaco 
Development Corp. 

The process is used to determine whether 

a formation penetrated by a bore hole 
contains salt water or oil. When forma- 
tions are bombarded by neutrons, gamma 
rays having energies of about 2.2 MeV 
are emitted by hydrogen nuclei, while 
chlorine nuclei emit gamma rays having 
energies up to 8 or 9 MeV on capturing 
thermal neutrons. The induced gamma 
rays are detected by a_ scintillometer 
(phosphor and photo-multiplier tube) and 
the electrical pulses transmitted to the 
surface into an amplifier and discrimina- 
tor, set for example to reject all pulses 
smaller than the maximum pulse from a 
2.2 MeV gamma ray. The counting rate 
of the larger pulses is recorded. This 
rate will increase with increase in the 
chlorine concentration, and will decrease 
with increasing hydrogen concentration 
since the thermal neutrons will be captured 
farther away from the detector. 


B.P. 743,849. Cold cathode glow discharge 
tube. To: Telefonaktiebolaget. (Sweden.) 
To increase the range of a tube for use 

in electronic counters the time needed after 


extinction to regain the whole, or the 
greater part of, the ignition voltage should 
be reduced. After extinction, the charge 
carriers diffuse to electrodes and walls or 
recombine. Diffusion velocity decreases 
with increasing pressure, recombination 
increases with increased concentration and 
pressure. Recombination is of special 
importance and has led to increase of 
pressure and screen grid electrodes, both 
of which have certain drawbacks and 
should be avoided. The new tube is 
therefore provided with an_ electrically 
conductive coating on the outside envelope, 
or surrounded with an electrically conduc- 
tive screen. The coating or screen is 
directly connected to the cathode or con- 
nected to a potential fixed relative to the 
cathode potential, for example earth. The 
tube is filled with a mixture of 90°, argon 
and 10% hydrogen. 


B.P. 744,092. Protective aprons. B. H. 
Rothband, E. A. Rothband. To: W. S. 
Rothband & Co. Ltd. 

An apron for persons exposed to radia- 
tion such as X-rays. The back and front 
parts of lead and rubber sheet are con- 
tinuous across one shoulder while the 
other shoulder part is divided and held 
together by a fastener. The front and 
back parts are further fastened at both 
sides by straps with press fasteners. 


B.P. 744,397. Method and apparatus for 
measuring the intensity of X-ray radia- 
tion. To: Philips Electrical Industries 
Ltd. (U.S.A.). 

Periodic pulses of X-rays are directed on 
to a specimen and the X-rays coming from 
the specimen are detected by a propor- 
tional counter. A_ discrete train of 
impulses is produced whose number depends 
on the intensity of the X-rays. The suc- 
cessive trains of impulses are integrated 
to produce periodic pulses each of which 
has an amplitude proportional to the 
number of impulses in the corresponding 
train. This amplitude is measured and 
indicates the intensity. 


B.P. 745,873. Analysis of substances by 
measurement of nuclear magnetic relaxa- 
tion time. To: Schlumberger Well 
Surveying Corp. (U.S.A.). 

Recent investigations have established 
that the nuclei of certain atoms exhibit 
paramagnetic vroperties. When they are 
exvosed to a strong magnetic field, they 
will begin to vrecess in essentially the 
same manner as a gyroscope when a 
couple is avvlied around an axis at an 
angle with the axis of the spin. The fre- 
quency of precession (“resonant” or Lar- 
mor frequency) is, within limits, directly 
proportional to the magnetic field intensity 
acting on the nucleus. By measuring the 
resonant frequency produced with a known 
magnetic field, the constant of provor- 
tionality can be determined. This will be 
different for different nuclei and its deter- 
mination will thus enable the atoms of 
various substances to be identified. How- 
ever, it will not be possible to distinguish 
between compounds AB and AC if only 
the substance A has magnetic moments. 


May, 1956 


This difficulty has been overcome by 
measuring the relaxation times of the com- 
pounds (i.e., measuring how rapidly a 
system can give thermal energy to or 
receive thermal energy from its neighbour- 
ing atoms depending on properties, dis- 
tances, relative motions of the various 
other atoms in the vicinity of the precess- 
ing nuclei). This is accomplished by 
exposing the substance to a strong homo- 
geneous field of constant intensity and to 
a magnetic field alternating at the nuclear 
precession (Larmor) frequency and by 
indications of the energy absorbed from 
the high-frequency field as a result of the 
nuclear resonance phenomenon. The 
method is to be used for analysing sub- 
stances in earth formations traversed by a 
bore-hole into which the analysing 
apparatus is lowered. 


B.P. 746,172. Radiation detector. G. 
Herzog, R. P. Mazzagatti. To: Texaco 
Development Corp. (add. to 612,899). 
For measuring, gamma rays for example 

the detector is built uo of a number of 

parallel cathode plates equally spaced. 

The plates have uniformly distributed aper- 

tures and an anode wire extends through | 

each row of aligned apertures. The geo- 
metry of the counter—plate thickness, 
spacing of apertures, the materials from 
which the counter is made, the gas with 
which it is filled and the type of radiation: 
to be detected—determines the efficiency 
of the counter. An equation is developed 
for the optimum number of holes 
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cS SK: 


n= 


where A the area of a plate (sq. in.), S the 
the snacing (in.), K a factor (about 6) with 
the diameter of the apertures at least twice 
the value of S. These dimensions establish 
the optimum compromise between a maxi- 
mum plate area because of its interception 
of radiation, and the reduction in that area’ 
through the apertures and the number of) 
anode wires required to make the electric 
field sufficiently uniform in strength. 


B.P. 746,269. Radiation detector. G. 
Herzog, R. P. Mazzatti. To: Texaco 
Development Corp. 
This specification 


is derived out of 
B.P. 746,172 (above) in which an equatio 


for the optimum relation is developed! 
between the dimensions of the various 
parts. In such counters the ionization 
occurs princivally in a sheath about the 
anode wire and, when initiated, spreads 
along the length of the wire. Where the 
wire is of appreciable length it is desirable 
to limit the length of travel of the ion 
sheath since the ion sheath renders the 
detector insensitive. It is especiall 
desirable when operating at high counting 
rates as otherwise an appreciable amoun 
of radiation may not be detected. By 
mounting series of spaced conducting ring 
of two to three times the thickness of thé 
cathode plates between groups of th 
plates, parallel thereto but of slightly les 
diameter, the travel of ions along the anod 
wire is blocked by a variation in the elec 
tric field strength in the gas surroundi 
the wire. Thus the counter is made sensi 
tive for a greater veriod of time and bette 
able to count at high counting rates. 








